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THE PROBLEM OF ENDEMIC GOITER 
IN YUNNAN PROVINCE 


THYROID DEFICIENCY 


ince cannot but be impressed with the ex- 

tremely high incidence of thyroid enlargement 
existing in this Province. In many cases it is very 
evident that along with the thyroid enlargement, 
there are obvious symptoms of cretinism as well. 
These features of the people are particularly conspicu- 
ous along the route of the new Burma road. The other 
two health problems in this area which are second 
only to the thyroid enlargement are malaria and 
opium addiction. The adult population, both men and 
women, working on the road in some gangs will show 
an incidence of thyroid enlargement as high as 80%. 
The average among the working gangs would be well 
over 50%. It is not so marked in children except on 
close inspection as the disease develops slowly. 

While there are several theories about the cause 
of this condition, it is generally admitted that the 
addition of iodine to the diet of the populace, even 
in very small quantities, is sufficient to prevent its 
further development. Iodine is very deficient in these 
parts not only in the salt, but in the vegetation as 
well. This is probably due to the geological condition 
of the area, for the salt, which comes from the Yun- 
nan mines, is deficient in iodine. This is not the case 
with the mines of Szechwan. Just how marked this 
deficiency is, might be still further investigated. Nor- 
mally some 70% of the salt needs of China are sup- 
plied with. These sea saltsalts are naturally adequate 


Fx THE most casual visitor to Yunnan Prov- 
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in iodine content. With the Japanese military occu- 
pation the hinterland of China is now cut off from 
its coastal supply and the deprivation of the normal 
sources of salt is one of the greatest hardships. To 
make up for this cutting off of the normal sea salt 
supply, the salt wells of China are being rapidly in- 
creased and expanded, and probably in the supply of 
sodium chloride can make up the need. The lack of 
iodine, however, is serious. Large areas of free China 
are now being, and are to be further supplied with 
salt from the Yunnan mines. Iodine deficiency cannot 
but become more evident in wide areas of China, par- 
ticularly if the present hostilities are prolonged. 

This problem has already been investigated to a 
certain extent by the Chinese Government Salt Ad- 
ministration. The figures given hereafter are taken 
from a report given by the Kunming representative 
of the Administration. A typical area of production 
is the Hoching Salt Well district. Here the brine is 
pumped out from wells, sent through bamboo pipes 
to vats and there boiled down. This has up to now 
been very largely a ‘cottage industry.’ The vats are 
in small houses and each family will control and oper- 
ate only a few vats. Inspection and careful tabulation 
of output, however, is exercised by the Salt Adminis- 
tration. The crystallized salt is then transported some 
go kilometers to the main market in Kunming from 
whence it is distributed. The output of this district 
has amounted to some 300,000 piculs (15,000 tons) 
per annum. This is now being increased. To provide 
a suitable iodine content in the salt requires the use of 
1: 200,000 parts of potassium iodide. At this rate the 
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Hoching area would require about 2 piculs per an- 
num of iodides, and the whole of Yunnan, on the basis 
of an annual production of 50,000 tons of salt, would 
require 6.6 piculs, or 330 kilograms of iodides. This, 
in such small dilutions, could be used in the com- 
mercial form. Five hundred kilograms of iodides 
would be sufficient for all Yunnan salt production, 
including increases. 

The whole problem of endemic goiter in Yunnan 
Province has received study and an advisory com- 
mittee, entitled the Yunnan Anti-goiter Association, 
has been formed under the Honorary Presidency of 
the Governor of Yunnan Province. 

The organizations which compose this Association 
are as follows: 


1. The League of Nations Epidemic Commission 

2. The Salt Administration, Ministry of Finance 

3. Department of Civil Affairs, Yunnan Provincial 
Government 

4. Yunnan Provincial Health Administration 

5. International Red Cross Society 


The executive members are: 


1. The Chief Technical Expert, League of Nations 
Anti-Epidemic Commission to China 

2. The Director and Associate Director, Salt Ad- 

‘ministration 

3. The Commissioner of Civil Affairs, Yunnan 
Provincial Government 

4. Commissioner of Yunnan Provincial Health 
Administration 

5. A Representative of the International Red 
Cross 


The functions of the Association are: 


1. To plan and promote anti-goiter measures, 

2. To arrange systematic and periodical surveys of 

endemic goiter conditions in Yunnan, 

. To consider reports of anti-goiter work, 

4. To maintain a liaison with anti-goiter work per- 
formed elsewhere in China and to keep in touch 
with anti-goiter measures of an international 
nature. 


w 


The anti-goiter measures, which are being undertaken 
are as follows. First a general prophylaxis, which con- 
sists in the addition of 5 mg. of potassium iodide to 
each kilogram of domestic salt. This iodization process 
is in hand, but there are certain technical difficulties 
to be overcome. One of these is the difficulty of ob- 
taining an even distribution of the iodide in large salt 
cake masses. This difficulty exists chiefly at Yuan- 
yungching salt works where the salt is produced by 
evaporating natural brine in large iron pans. Any 
practical process of iodization must be simple and 
easily carried out by unskilled workmen. Therefore 
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our preliminary experiments consist of the introduc- 
tion of the iodide into the large pans during the proc- 
ess of evaporation by continuous spraying of the 
iodide solution with constant stirring of the salt mass 
in the pans. Introduction of the iodide into the brine 
before it is run out from the collecting tanks for evap- 
oration has been studied. and discarded as yielding 
unsatisfactory results. The reasons are that iodide 
solutions are of much greater solubility in comparison 
with sodium chloride. Therefore the uniform distri- 
bution of iodide in the finished salt is very difficult to 
obtain. 

Mechanical mixing, as practiced by foreign coun- 
tries, is impossible for Yunnan producers at the pres- 
ent time. It may, however, be planned in the near fu- 
ture to slightly modify the process of manufacture to 
meet the requirement. The individual boilers will be 
instructed to hand in their salt produced in the 
crystalline form to an iodization plant which will be 
entirely under government control. In the iodization 
plant, the powdered salt will be iodized by a me- 





Fig. 1. A TYPICAL ADENOMATOUS GOITER. 


chanical method and the iodized salt will be either 
packed in locally made bags or cast into cylinders 
as practiced by Peiching S. W. and Ipinglong works. 
Such modification will not only facilitate iodization, 
but also improve the quality of salt and reduce the 
cost of production. The present process of making 
salt cakes has two disadvantages. (1) All soluble sub- 
stances ‘present in the brine are incorporated in the 
finished salt because no fractional crystallization has 
taken place. (2) Tremendous waste of heat and dam- 
age of boiling pans take place when the salt is baked 
into the form of cakes. 

In some of the Yunnan Salt Works the salt is issued 
in small cylinders weighing about 2 kg. This takes 
place at Ipinglong and at other salt works. 

Iodization can be carried out by spraying the dried 
crystalline salt before it is compressed into cylinders. 
This procedure is in conformity with what has been 
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found to be successful abroad. In some countries the 
dried salt is iodized by spreading it out in powder 
form on a moving belt, whilst the iodide solutions 
are sprayed on the surface of this thin layer of salt. 
Subsequently mixing takes place in a mechanical 
shaker and the finished iodized salt is issued in small 
cartons or packages of about one kilogram. This tech- 
nic ensures that the iodides are evenly distributed be- 
cause experience has indicated that when iodized salt 
is stored in large bulk as in bags of 50 kg. the iodide 
percolates to lower layers on storage. However, al- 
though there are many technical difficulties to be 
overcome, it is satisfactory to note that the iodiza- 
tion of the domestic salt of Yunnan is becoming prac- 
tical. The iodides for a year’s supply are already 
purchased and delivered in Kunming. 

In general goiter prophylaxis it must be borne in 
mind that iodization of domestic salt is only one meas- 
ure by which benefit may be gradually brought to the 
population of goiter districts. 

It is further suggested that large quantities of edi- 
ble seaweed be imported and that propaganda be in- 
stituted to urge the more extensive use of them in the 
diet. Dr. B. E. Read has analyzed Chinese seaweeds 
and finds them rich in iodine. The Laminarias (Hai 
Tai) are the richest, having over 0.024 %. Reid Hunt, 
in his acetonitrile experiments, found that the iodine 
in seaweeds was 100 times more active than potas- 
sium iodide. 

The daily need of the individual is less than 0.04 
mg. (Fellengerg’s estimate is only 0.014 mg.) of iodine. 
This is about the content of 10 gm. of the Nanlang 
salt. Again we are faced with the greatest difficulties 
of importing seaweeds except by the Indo-China rail- 
way from Haiphong to Kunming. If such importation 
could be undertaken, it is estimated that 10 gm. of 





Fig. 2. MANY COOLIES WORKING ON THE YUNNAN-BURMA ROAD 
SHOW EVIDENCES OF BOTH GOITER AND CRETINISM. 
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good seaweed given twice a month in the diet would 
give about 4 times the actual requirements. Poorer 
samples of edible seaweeds would provide about 
twice the requirements in a very active form. 

The next part of the anti-goiter program consists 
of issuing to all school children and to students in the 
universities and other institutions where control is 
readily applicable, a fortnightly dose of a small quan- 
tity of potassium iodide in tablet form. The League of 
Nations is sending out sufficient potassium iodide for 
this purpose. The recommended dosage is 25 mg. fort- 
nightly. Already large issues of tablets of 0.25 gm. 
have been made. This dosage is of more value for ac- 
tual treatment of milder cases of goiter than for purely 
prophylactic use where the smaller dose is quite sufh- 
cient. 

It is to be noted that no ill results of minute doses 
of iodine are to be anticipated. Any untoward effects 
of the administration of iodine are connected with 
large medicinal doses in patients actually suffering 
from goiter. This phenomenon, Basedow’s hyper- 
thyroidism, is connected with iodine therapy when 
the results produce toxic effects due to rapid reab- 
sorption of thyroid tissue. 

Iodine prophylaxis in goiter areas is a safe and satis- 
factory measure when minute doses are employed 
which satisfy the human body requirements. So far I 
have outlined the program for anti-goiter work which 
can be undertaken in the immediate future in Yunnan 
Province. It is, however, advisable to look forward to 
the establishment of goiter clinics where ameliorative 
treatment can be given. 

The endemic goiter of Yunnan is very largely par- 
enchymatous goiter. Some cases can be benefited by 
surgical treatment, whilst slight cases will improve 
under iodine therapy guardedly administered. 

Surveys. The Yunnan Anti-goiter Association con- 
siders that a series of surveys undertaken in goiter 
districts would be a useful part of the work. For this 
purpose two forms have been drawn up. The first 
is for the use of non-medical observers, and is de- 
signed to estimate the actual incidence of goiter in a 
Hsien district. The information to be obtained is the 
incidence of goiter in men and women over 15 years 
of age and the incidence of the disease amongst chil- 
dren under this age. 

Medical survey. Form 2 is being used by a selected 
group of 100 medical men, each of whom will be 
asked to examine in different areas, 500 patients suf- 
fering from thyroid disease. Our object is to collect 
information as to hypothyroidism, cretinism, myxe- 
dema and other associated conditions. The relation- 
ship to sex, age, water, salt and food will be noted. 

Thirdly, an intensive survey of 7 Hsiens, the ob- 
ject of which will be to make comparative studies in 
the future of the efficacy of the iodization of salt and 
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other preventive measures. The special districts 
chosen will be away from lines of communication, 
with a stable population; well-known, heavily goi- 
trous regions will be selected. If we can examine 70% 
of the population, then this survey will involve the 
examination of about 223,000 people. This particular 
survey will take three months to complete and is be- 
ing carried out by seven special surveyors withe the 
assistance of the magistrates. 


DISCUSSION 


In considering the problem of endemic goiter in 
Yunnan Province as a whole, one is inclined to the 
view that the basic trouble is lack of iodine in the lo- 
cally grown foodstuffs. The reason is that the surface 
soils have had all the very soluble iodides washed out 
either into the mountain rivers or into the deeper sub- 
soil not reached by the small plants. The scheme of 
purchasing potassium iodide or sodium iodide from 
abroad to add to the local salt is to be regarded at best 
as a temporary expedient. It would be much better 
if it were possible to send into Yunnan a supply of 
Nanlang salt (which is rich in iodine) from Szechwan 
to be mixed with the local salt in equal parts. The 
present difficulties of transportation in war time and 
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the immense distances involved are against this sug- 
gestion. 

Etiology. Whilst the iodine deficiency theory seems 
to be very well substantiated as the cause of endemic 
goiter, there are other factors which must not be lost 
sight of. 

The effect of altitude bears some relationship to 
goiter. The Yunnan plateau is above 2,000 m. altitude 
and in certain districts the goiter incidence is esti- 
mated to be as high as 60 to 80%. 

MacCarrison in his observations in the district of 
Chintral in the valley of Gailgiut on the slopes of the 
Himalayas, reports that this region is between 1,600 
m. and 2,000 m. in altitude. MacCarrison’s results 
indicate that a swelling of the thyroid gland can be 
obtained experimentally in man in a few weeks by the 
administration of substances suspended in a goiter- 
producing water from which they have been sepa- 
rated by filtration. The hypertrophy of the thyroid 
does not take place if these residues of filtration are 
boiled. The toxic principle does not pass a Berkefeld 
filter. This seems to point out that a virus of some 
kind is responsible. It would be of interest to follow 
up this line of investigation in Yunnan. 

However, one seems to be tentatively drawn to the 





Fig. 3. A. Curtinc ORE WHICH CONTAINS ROCK SALT FROM THE BOTTOM OF A MINE SHAFT, 800 FEET BENEATH THE SURFACE. B, ORE IS 
BROUGHT TO THE SURFACE UP NARROW GALLERIES. Note that the coolies are cretinous and have goiters. C. Rock SALT Is DISSOLVED IN 
BRINE TANKS TO INCREASE THE SALT CONTENT. D. INTERIOR OF A BOILING HOusE. Large iron pans are placed over a wood fire furnace. 
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Fig. 4. PUMPING BRINE UP FROM THE MINES. THE PRIMITIVE 
PUMPS ARE IN SERIES. Eighty pumps are required and many of the 
pumpers work in total darkness. Blindness is common. 


theory of iodine deficiency. In Yunnan one is immedi- 
ately struck by the hardness of the water and the dif- 
ficulty of producing lather with soap. This hardness 
seems to be of a permanent nature and is not due to 
calcium bicarbonate. Goiter regions have often been 
associated with hardness of water such as in the re- 
gions in Derbyshire, England. The soil in the goiter 
regions of Yunnan appears to contain calcium sul- 
phate and magnesium carbonates and the hardness 
of the water is no doubt due to the presence of these 
substances in solution. 

It would appear from the information I have so far 
been able to obtain that in Yunnan the factors exist 
for all the well-known etiological theories for the pro- 
duction of endemic goiter. 

Intestinal parasites and malaria have in some coun- 
tries been considered as concurrent diseases predise 
posing to goiter. In Yunnan these conditions exist, 
but the worst malarious regions are not those in 
which goiter predominates. 

In British India it has been observed that when a 
young adolescent from a goiter-free district settles 
down in a goiter region, he may develop a goiter in 4 
to 5 months. It is said that the swelling disappears if 
he is repatriated to his original countryside. In Yun- 
nan we have a great influx of refugees from other 
parts of China. There has also been a great immigra- 


Fig. 5. THE BRINE RUNS DOWN A CHANNEL BY THE SIDE OF THE 
VILLAGE STREET. The salt crystals give the appearance of snow. 


tion of students belonging to various universities in 
occupied areas. 

Many laborers and tradesmen have come into Yun- 
nan Province from other parts of China. This incom- 
ing population should be closely watched for the de- 
velopment of goiter. It is not anticipated that those 
who settle in Kunming or its immediate vicinity will 
be liable to become affected, since in Kunming, a cer- 
tain amount of iodine-containing foodstuffs is obtain- 
able. 

However, already we have had several well au- 
thenticated reports of enlargement of the thyroid 
taking place amongst women students who have re- 
cently come into the Province from coastal Provinces 
where goiter is not endemic. Residence in a Yunnan 
goiter district of six months seems to be sufficient in 
a susceptible subject. Enquiry has elicited the fact 
that no sea food has been partaken of and that the diet 
has not been very satisfactory. A polluted water sup- 
ply has been implicated as an important goitrogenetic 
factor. Popular opinion in Yunnan implicates certain 
streams and springs as being the cause of heavy goiter 
incidence in the population dependent on these 
sources of water supply. This is a question which re- 
quires further investigation before one can dogmatize 
on the matter. 

In north-eastern Yunnan I was much struck by the 
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Fig. 6. A. THe sALT MARKET AT YUANYUNGCHING. Iodization of these large cakes is difficult to carry out. B. A MORE MODERN EVAPO- 
RATING PLANT WHERE THE SALT CRYSTALS ARE REMOVED AND DRIED. C. SAWING THE SALT BLOCKS INTO QUADRANTS TO FACILITATE TRANS’ 
PORTATION. D, AT IPINGLONG THE SALT CRYSTALS ARE PACKED IN CYLINDRICAL MOLDS. Iodization of the salt is more easily carried out by 


spraying before packing into cylinders. 


patchy distribution of the heavily affected areas. On 
the road to Hweitsheh one notices villages in which 
almost all the inhabitants are affected with goiter. 
The town of Hweitsheh itself is not markedly goi- 
trous. Investigation for possible reasons brought to 
light the fact that a dark grey salt specially imported 
from Szechwan is popularly used in the town. The 
local inhabitants have great faith in its use for the 
prevention of goiter. It costs rather more than the 
Yunnan salt, but most of the towns folk use it, where- 
as the villagers use the cheaper local salt. A rough 
analysis showed that the imported Szechwan salt 
was definitely richer in iodine. When one compares 
the potential dangers of the pollution of wells and 
streams in the countryside and in the town, one is 
inclined to believe that the villages have the purer 
water supplies from mountain streams. The town de- 
pends on wells and an obviously polluted river sup- 
ply. 

The population all along the valley of the Mekong 
River is heavily affected with goiter although the 
water supplies appear to be much less likely to be con- 
taminated than in districts where the goiter incidence 
is lower. 


West of Paoshan one does not find goiter so evident 
amongst the inhabitants. The disease is chiefly en- 
demic in secluded valleys in the Shan States and 
amongst certain tribes. Along the new highway and 
the older established lines of communication from 
Burma there is an old established trade in salt from 
Burma which is presumably sea salt. 

This is not, however, an adequate explanation of 
the patchy distribution of the goiter districts in West- 
ern Yunnan and the Shan States. In my opinion the 
reason is likely to be connected with the geological 
formation. In the western part of Yunnan after the 
canyons of the two great rivers have been crossed, 
namely the Mekong and the Salween, one comes’to 
irregular ranges of mountains, upper grass lands and 
small plains where agriculture is intensively prac- 
ticed because the best fields are those situated in the 
low lying places where the water collects. Most of 
the villages are situated in the midst of these small 
plains. The grass lands on limestone soil have the dis- 
advantages of great porosity of the soil; the water 
soaks through it rapidly and carries away all readily 
soluble substances. In the higher country sheep, 
goats, horses and cattle are reared. It is in the upper 
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country in remote valleys that goiter is evident. 
Down in the low lying parts where rice, potatoes, 
vegetables of all sorts, fruits and in some places wheat 
is grown, the population is relatively free from goiter. 
It is likely that the vegetation contains sufficient 
iodine. The Katchins and Polaungs and other Shan 
tribes, whose villages are to be found in the hills, 
generally grow only the crops they themselves need. 
It is among these hill tribes that one finds much goi- 
ter. Everything seems to point to the iodine deficiency 
theory of the causation of goiter. Very little support 
is found for the water pollution or the toxigenetic 
theories. It is of interest in connection with the rela- 
tionship of polluted water and the incidence of en- 
demic goiter to note that in the United States it is 
said that simple goiter appears to have increased since 
water supplies have been more effectively safeguard- 
ed. 

Treatment of goiter. It is very necessary to inform 
the public that the prevention and treatment of goiter 
are two very distinct subjects and must not be con- 
fused. Prevention means the maintenance of normal 
thyroid equilibrium and comes within the field of pre- 
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Fig. 7. CARRYING SALT TO Kunmine. A coolie will carry over 
60 kg. taking 5 days on the journey. The heavy load at this high 
altitude makes this one of the hardest tasks a human being is 
capable of. 
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Fig. 8. THE CANYON OF THE SALWEEN RIVER OVER 4,000 FEET 
peEP. Note the new Burma road winding down hill. 


ventive medicine. The treatment of existing thyroid 
disease is a function of the medical practitioner in clin- 
ic or hospital. Simple adenomatous goiter should not 
ordinarily require surgical intervention except for 
cases where there is pressure upon vital structures. 
The best plan for medical treatment is to use desic- 
cated thyroid in 0.1 to 0.2 gm. doses daily for a fort- 
night at a time, then rest before repeating the course. 
This preparation causes a greater reduction in the 
volume of the thyroid and more rapidly than iodine. 
This preparation is expensive as imported and an at- 
tempt to produce desiccated thyroid in China should 
be made as soon as possible. If potassium iodide is to 
be used in treatment, it should be only under com- 
petent medical supervision. It is very essential to 
guard against giving iodine to patients who have 
adenomatous goiter with hyperthyroidism. 

The distribution of iodine. There are many aspects 
of the problem of endemic goiter in Yunnan, which 
require further research. Some of the main points are 
those connected with the distribution of iodine, es- 
pecially in foodstuffs. Analytical data in the literature 
on the iodine content of rice, for example, varies con- 
siderably. Table on page 292 shows available data. 

On referring this problem to Sir John Orr and to 
Dr. Francis Kelly of the Iodine Educational Bureau in 
London, I am informed that the iodine content of 
rice varies due to soil conditions, but more especially 
to the great difficulty of accurately determining the 
very minute quantities involved. Given the same 
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Locality Authority 7/100 gm. 
China Platt 6.0 (Milled) 
China Platt 2.5 (Polished) 
Italy McClendon 2.2 
India McClendon r.0 
Java McClendon 0.7 
China McClendon 3.5 (Non-goiter area) 
China McClendon 1.4 (Goiter area) 
0.8 


N. Zealand Hercus 





sample, different workers invariably get different re- 
sults unless they adopt the same chemical method and 
have been specially trained in its use. Besides investi- 
gating the iodine content of a number of the staple 
foodstuffs in goiter and goiter-free regions, I think it 
would be advisable to revise the various analyses on 
the domestic salt iodine content. The best information 
about China salt is contained in H. Wang and F. W. 
Chang’s “Iodine content in Chinese common salt.” 
This gives the results for Yunnan as follows. 


Iodine content! 








Sample iad 
No. Found - dry Corrected 
jaS1S 
2235 Yenchin 20 20 22 
2217 Anlin 50 50 54 
2236 Chiaochia 60 61 66 
2237 Chiaochia 180 186 203 
2285 Chiangchen 10 10 II 
2337 Lanping 60 61 66 





1 Parts per 1,000 million. 


Some further detailed analysis of the salt imported 
from French Indo-China and Burma is required, also 
the salt used in the relatively goiter-free districts 
mentioned in the text of this paper. 

Other lines of investigation would be valuable. 
These have been commented upon already, namely, 
economical methods of extracting iodides from Szech- 
wan salt. The Nanlang figures are 5,100 parts per 
1,000 million. The preparation of desiccated thyroid 
should be undertaken in China if the cost of produc- 
tion is sufhiciently low to make it worth while. The 
cheapest and most useful edible seaweed should be 
discovered which would be valuable for goiter pro- 
phylaxis. 

With regard to the clinical manifestations of dis- 
ease, cretinism is very common. Something might be 
done in the way of health education from rural health 
centers to alleviate this condition. Children of goi- 
trous parents seem to be chiefly affected. 
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Hyperthyroidism does not seem to be very common 
in Yunnan. I note from McClendon's figures from 
China that the ratio of exophthalmic goiters, to simple 
goiters is given as follows. 


No. of exophthalmic 





Locality to 100 simple goiters Authority 
Wuchang Few Tang 
Soochow Few Chen 
Changchow 25 Shen 
Peiping 65 Shen 
Canton 78 Shen 


Shanghai 100 Ying 





For Yunnan I would give the figure as less than one 
So far I have not seen a typical exophthalmic case 
amongst many thousands of simple goiter. If the ques- 
tion were asked as to whether exophthalmic and sim- 
ple goiter are related or opposed in this Province, I 
should say opposed. 

There is a field for investigation in the goiter in- 
cidence amongst animals. The disease undoubtedly 
exists, but no facts are available as to how far iodine 
deficiency is the cause of abortion in cows in Yunnan 
or whether goiter and cretinism is the cause of serious 
economic loss in the rearing of domestic animals. Cer- 
tain preliminary observations cause me to believe 
that many of the horses and cows suffer from both a 
salt and iodine deficiency. One often notices animals 
licking at the door steps of places where salt is sold or 
distributed. Results of iodine prophylaxis have yield- 
ed very favorable results in other parts of the world 
in connection with the feeding of pigs, cows and 
poultry. It is to be hoped that when the local do- 
mestic salt is iodized, the domestic animals will also 
benefit. Other promising lines of investigation have 
been mentioned in the text of this paper. 
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CRETINISM 


sultant of a number of forces. Among the 

factors intrinsic to the organism are the “‘in- 
herent growth impulse,” the thyroid hormone, and a 
pituitary principle which has been called the growth 
hormone. Whether or not there may occur in man a 
constitutional defect of the growth impulse (as might 
be suggested in some cases of dwarfism by failure to 
find any other lack and by failure to stimulate growth 
by thyroid and pituitary preparations) is not known. 
That dwarfism may occur as the result of either thy- 
roid or pituitary deficiency is abundantly shown both 
in the laboratory and in the clinic. 


T= GROWTH PATTERN Of an individual is the re- 


An accumulation of evidence shows that the pituitary 
and thyroid are closely interrelated in their metabolic and 
growth affecting functions. MacCallum and Fabyan (1) 
described shrunken eosinophilic cells in the pituitary of 
a human cretin. Zweckwer, Davison, Keller and Livin- 
good (2) ascribed cretinic dwarfism to loss of eosinophils 
from the pituitary secondary to loss of thyroid function. 
Severinghaus, Smelser and Clark (3) found that there is a 
loss of eosinophils and impairment of the anterior pitui- 
tary in thyroidectomized animals. It is well known, of 
course, that human beings or animals dwarfed by loss of 
thyroid function respond with dramatic growth to thyroid 
feeding. In the absence of the pituitary, however, daily 
injection of thyroid substance is unable to stimulate 
growth (4), whereas thyroidectomized animals grow 
rapidly and continuously when injected with pituitary 
growth hormone (5). Smith (6) has shown that in the 
thyroidectomized and hypophysectomized animal more 
rapid growth will take place if thyroid and hypophyseal 
extract are given than if the growth principle alone is 
used. 

Consideration of such facts led Evans (5) to conclude 
that dwarfism occurring subsequent to failure of thyroid 
function is probably due to insufficient secretion of growth 
hormone by the pituitary and to believe it possible that 
all cases of human dwarfism are directly caused by inade- 
quate supply of pituitary growth hormone. If this is true 
the human cretin should grow at an accelerated rate when 
given this hormone. Riddle et al. (7) questioned the 
existence of the growth principle of the pituitary as a 
separate hormone, thinking that this effect might be due 
to the combined actions of the lactogenic and thyrotropic 
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hormones. As the result of the study of genetic influence 
upon growth Stockard (8) suggested that the pituitary 
may exert a growth regulating and inhibiting effect, but 
not a direct growth promoting effect. If either one (or 
both) of these latter concepts is true the human cretin 
should not respond to administration of the pituitary 
growth principle. Further, because of possible species 
variation in response to this principle, it may be mislead- 
ing to apply to our concept of human physiology facts 
learned by animal experimentation (9). There are now 
recorded a fair number of case reports indicating promo- 
tion of growth in the human by use of the pituitary prin- 
ciple, but there are also reports of human dwarfism in 
which such response has not occurred. Thompson and his 
coworkers (10) succeeded in raising the metabolic rates of 
a number of human subjects by administration of anterior 
lobe pituitary extract known to contain thyrotropic and 
growth hormone. The only group which failed to respond 
was that of patients with myxedema. When a rise of 
metabolism was obtained, it “usually began about the 
fifth day ... and the maximum duration of the increase 
was about two months.” It is possible that the conditions 
under which the human being will respond to the pitui- 
tary growth principle are more narrow than in the case of 
the rat. 

These considerations, especially Riddle’s theory of the 
role of the thyrotropic hormone in the growth effect 
(announced shortly before the case to be reported came 
under observation) prompted the use of pituitary extract 
containing the growth principle, alone and also together 
with thyroid, in the treatment of a human cretin. 


CASE REPORT 


A white female, born December 22, 1920, was ad- 
mitted to the Endocrine Clinic of City Hospital of Cleve- 
land on Oct. 20, 1936, with the complaint of lack of proper 
growth. There was no history obtainable of any develop- 
mental abnormality in the family, other than in the pa- 
tient. 

Past history. The patient’s birth weight was 12 lb.; 
delivery was uncomplicated. She was a very good baby, 
nursing only in the day-time. She slept soundly the night 
through and many hours in the day also. There have been 
periods in her life when she regularly slept from nine 
o'clock in the evening until noon of the next day. She 
seemed to feel the cold more than others and she perspired 
little and very infrequently. Her hair has always been 
normal in amount, but grew very slowly, needing to be 
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cut only once in about 4 months. At the age of 10 months 
retardation of development became apparent to her 
mother. She could not sit until one year of age, and made 
no attempt to walk or talk until after 4 years of age, at 
which time her condition was diagnosed as cretinism and 
treatment with thyroid was begun.! There seemed little 
doubt of the improvement produced by this treatment, but 
when the family shortly removed to another town 
physicians consulted assured the parents that no ad- 
vantage could be obtained by continuing it, and so from 
the age of about 6 years she has had no specific therapy. 
She has never had any schooling. 

Present status. When she first came to the hospital, at 
the age of 15 years and 10 months, she could converse 
with her mother, though her vocabulary consisted of not 
more than a dozen words and no stranger could under- 
stand her guttural speech. She slept 12 hours in the 24, ate 
one small meal a day, and had a spontaneous daily bowel 
movement. She was generally of good disposition, but was 
subject to occasional ‘stubborn spells,’ when she was in- 
tractable. She was clean and neat, and took care of her- 
self for the most part, requiring help with the intricacies 
of her clothing, as shoe laces and buttons. 

Physical examination. Her head was brachycephalic, 
with prominent frontal bossae. Hair was dark brown, 
thick, moderately coarse, and very dry. Eyebrows were 
heavy; pupillary reactions, normal. Bridge of the nose 
was low and broad; external nares, large and tilted 
vertically more than usual. The mouth was large; lips, 
full; no teeth fully erupted; tongue large and protruding 
much of the time. The neck was short, no thyroid tissue 
palpable. Thorax was symmetrical; no mammary tissue 
palpable. There was no enlargement or murmurs of the 
heart; lungs showed no abnormalities. Abdomen was pro- 
tuberant, small umbilical hernia. Genitalia were infantile, 
no pubic or axillary hair. The extremities were short; 
hands and feet, short and broad. Standing height was 
3914 in.; span, 38 in.; lower height, 17 in.; head circum- 
ference, 20 5/8 in.; chest circumference, 231% in.; ab- 
dominal circumference, 25 in.; weight, 53 lb. 

Examination was made difficult by the behavior of the 
patient, who acted as might a frightened child of three or 
four years. 

Laboratory tests. Metabolism test was attempted on 
several occasions, but could not be made because of lack 
of cooperation of the patient. Fasting blood cholesterol 
was 340 mg.%, blood sugar 84 mg.%. The urine was 
normal. R.B.C. was 4.2 million, the hemoglobin 75%, 
Sahli. Roentgen studies were made by Dr. Harry Hauser, 
who determined skeletal age by comparing roentgeno- 
grams of the hand and wrist with female standards in 
Todd’s “Atlas of Skeletal Maturation.” Examinations 
were repeated at intervals and the skeletal age at each is 
indicated in the accompanying chart. Since the retarda- 
tion of growth was not only marked but also irregular 
when the earlier films were taken, matching of these 
could be only approximate. The first films, taken in Oc- 
tober, 1936, show the.skeletal age to be between 5 and 6 

1 By Dr. W. P. Bowser of Berea, Ohio. Dr. Bowser saw the 
patient again at the age of 8 years, at which time her height was 
34 inches, 
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years. The sella turcica appeared to be of normal size and 
configuration. 

Treatment and course. These can be followed by their 
representation in the chart. The patient was first given 
2 cc. (20 u) of a commercial growth preparation of the 
anterior pituitary, intramuscularly twice a week for 4 
months, when the dose was increased to the same amount 
3 times a week and this continued for 6 weeks. A total of 
124¢c. of this material was given by 67 injections in 6% 
months. There was no change in height or weight, little 
if any in the x-ray appearance of the hand and wrist, and 
no lowering of the high cholesterol level of the blood. 
There was no change observable in the behavior of the 
patient; she slept the same length of time as before and 
ate no more. This may be worthy of note, since Lee (11) 
has written: “The growth hormone is thus seen to have 
specific metabolic effects in promoting weight gains, in 
addition to increasing the appetite for food.” The pitui- 
tary extract was discontinued, and desiccated thyroid, 
U.S.P., one-half grain per day, was started. There was a 
very prompt effect; in 5 days’ time the level of blood 
cholesterol had dropped to 243 mg.%, its lowest up to 
that time. Within two weeks the girl was much more alert, 
slept only 9 hours a night, ate three meals a day, and had 
given evidence of being too warm! The skeletal age one 
month after beginning thyroid feeding showed very little 
change. The height increased rapidly, whereas the weight 
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at first declined, so that at the end of the first year of thy- 
roid administration there was a height increment of 6 
inches and the weight remained the same as at the be- 
ginning. The first noticeable effect upon eruption of the 
teeth occurred at the end of 9 months’ treatment. On 
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June 14, 1938, when she had been taking one grain of 
thyroid per day for almost 4 months, anterior pituitary 
extract, 20 U 3 times a week by intramuscular injection, 
was added. This was continued until Sept. 27, 1938, or 
for 314 months. There was no apparent effect upon rates 
of growth, gain in weight and maturation of the skeleton, 
and no change in the cholesterol level of the blood. 
Thyroid was continued at the rate of one grain a day 
(with 6 weeks’ trial of one and one-half grains a day, at 
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which dosage some symptoms of hyperthyroidism ap- 
progressive enlargement of the breasts, and on this date 
there was present a thin white caseous discharge from the 
vagina, which on smear showed nothing but squamous 
epithelial cells, the typical pubescent secretion. She had 


+ 
THYROID 


940 


WRIZIAFETEIPMUN ML ZZFAFETEIIONMUI ZIFF ETEPVMOWUMUIAZIF FSET 
YEAR 1937 1938 1939 4. 


18 YEARS 19 YEARS 


become much more active, helping with the housework, 
peared) until Oct. 7, 1939. For 7 months there had been 
taking full care of herself, and running away from home 
on two occasions. Her mentality had improved consider- 
ably, but it had remained so far behind her physical de- 
velopment, and of course would always do so, that it 
seemed wise to maintain thyroid dosage at a level so low 
that sexual maturation would not progress. Since October, 
1939, therefore, the dose has been one-half grain per day. 
There has been no further development of the breasts 
and no vaginal discharge since January, 1940. 

On July 12, 1940 the body measurements were as 
follows: standing height, 52 5/8 in.; span, 5134 in.; lower 
height, 24 7/8 in.; head circumference, 21 '7/8 in.; chest 
circumference, 2634 in.; abdominal circumference, 2514 
in.; weight, 80 lb. The blood cholesterol was 138 mg.%; 
R.B.C. 4.6 million; hemoglobin 80%, Sahli. 

As the result of three years and two months of treat- 
ment with thyroid there has been a gain in height of 
13 3/8 inches, in weight of 27 lb., and in skeletal age of 8 
years. 


DISCUSSION 


The results of treatment of this 16-year-old cretin 
have been very satisfactory, though her mental age 
has advanced much less than her physical, as was to 
be expected. Perhaps some of the success of therapy 
can be attributed to the fact that she had been given 
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thyroid for a short time beginning in the fourth year 
of her life. It is to be regretted that continuation of 
treatment was refused her at that time. 

Anterior pituitary extract produced no observable 
effect upon any of the functions measured, either 
when given alone or in combination with thyroid. 
This is but one experiment with a single subject, and 
the amount and potency of the material used may 
well have been inadequate, so that this result can do 
no more than point to the possibility that the young 
athyrotic human being cannot respond to the hypo- 
physeal growth principle. 


SUMMARY 


The effects produced in a 16-year-old cretin upon 
height, weight, skeletal maturation and cholesterol 
level of the blood by treatment with anterior pitui- 
tary growth extract alone, thyroid alone, and a com- 
bination of the two, have been observed over a period 
of 3 years and 8 months. 

When pituitary alone was given there was no ap- 
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parent effect. Thyroid feeding induced the expected 
changes. Desiccated thyroid and pituitary extract 
given together produced no greater effect than could 
be attributed to the use of thyroid alone. 
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CARBOHYDRATE 
METABOLISM 


many tissues, notably pancreatic islets, adre- 

nal medulla, adrenal cortex, anterior pitui- 
tary, muscles and liver. As an aid in the diagnosis of 
various diseases, it has for a long time been useful to 
study the glucose content of the blood. Thus, the de- 
termination of this under fasting conditions may at 
once give the clue to the diagnosis. In many in- 
stances, however, because of compensatory adjust- 
ments the fasting level is normal in spite of a definite 
disturbance in the sugar metabolism (e.g., mild dia- 
betes) and it is necessary to subject the sugar-regula- 
tory mechanism to some selected strain in order to 
elicit an abnormality. What strain one chooses 
naturally should depend on what disorder one sus- 
pects. For example, if looking for hypo-insulinism 
one would test the ability of the body to adjust to an 
alimentary hyperglycemia, that is one would per- 
form the ordinary sugar tolerance test. If it turned out 
that the patient had a decreased responsiveness to 
hyperglycemia, that is the curve was delayed in its 
fall—the findings would be consistent with hypo- 
insulinism although there would be other possibilities 
which could be tested by subjecting the mechanism 
to other strains (see below). It was the purpose of 
these investigations, which will be reported more 
fully elsewhere (1), to study the additional usefulness 
in endocrine diagnosis of two other types of sugar 
curves, the “combined glucose-insulin test’’ and the 
“insulin tolerance test.” 


Cm tics METABOLISM is influenced by 
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Effects of Various Hormones on Sugar 
Metabolism 


Before an attempt is made to interpret various 
endocrine abnormalities from alterations in blood 
sugar levels, it is first necessary that one have in 
mind the outstanding effects on sugar metabolism of 
the various hormones. Although the knowledge of 
this subject is still fragmentary, the following ele- 
mentary statements are apparently sufficiently ac- 
curate and distinguishing to form the basis for correct 
clinical interpretations. 

a). Insulin deficiency is followed by a whole series 
by metabolic adjustments: the blood glucose level 
rises; muscle glycogen is decreased (2); carbohydrate 
combustion is decreased (3); glycogenolysis is in- 
creased (4, 5); liver glycogen is decreased; nitrogen 
excretion is increased; and, finally, fat oxidation and 
ketone body formation are increased. These are pre- 
sumably all related phenomena dependent on one 
primary action. Himsworth (6) considers increased 
carbohydrate utilization in the tissues as the funda- 
mental action of insulin. Whether he believes that the 
phenomenon of carbohydrate utilization can be di- 
vorced from muscle glycogen formation is not clear 
to the authors. In any case (according to the thesis of 
Himsworth) in the absence of insulin, muscle glyco- 
gen formation and carbohydrate utilization are de- 
creased; the body partially adjusts to this situation, 
possibly through the mediation of the autonomic 
nervous system, by increased glycogenolysis with a 
resulting elevation of the blood sugar and hence by 
mass action an increased tendency to form muscle 
glycogen; the increased glycogenolysis depletes the 
liver of glycogen; this, in turn, is compensated for by 
an increased conversion of proteins into sugar (gly- 
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Fig. 1. A. METABOLIC MIXTURE IN AN INDIVIDUAL WHO IS 
DERIVING 333% OF HIS ENERGY FROM EACH OF THE 3 FOOD STUFFS; 
B. EFFECT OF ADRENAL CORTICAL HORMONE ON METABOLIC MIXTURE; 
C. EFFECT OF COMBINATION OF GLYCOTROPIC AND GROWTH HOR- 
MONES ON METABOLIC MIXTURE. (White areas, carbohydrate; 
black areas, protein; shaded areas, fat.) 


coneogenesis) and hence results in an increased nitro- 
gen excretion; finally, the decrease in carbohydrate 
oxidation necessitates increased fat oxidation and 
hence an increase in ketone body formation (7). It 
will be noted that by having decreased-carbohydrate- 
utilization rather than a low-blood-sugar the stimulus 
for glycogenolysis, the presence of increased glyco- 
genolysis with hyperglycemia in hypo-insulinism be- 
comes clear. 

b). Adrenalin raises the blood sugar level by 
mobilizing reserve glycogen (liver glycogen espe- 
cially, if not entirely) into circulating glucose; its pro- 
duction is stimulated, among other ways, by hypo- 
glycemia. 

c). The adrenal cortical hormone’ accelerates the 
breakdown of tissue proteins and the amino acids so 
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the effect of the anterior pituitary on sugar metabo- 
lism; it is now believed that this effect may be the 
resultant of several effects caused by ‘corticotropic’ 
hormone, ‘growth’ hormone, and ‘glycotropic’ hor- 
mone. It is possible that the second and third of these 
hormones may represent two different effects of one 
hormone. 


(1) The corticotropic hormone stimulates the produc- 
tion of the adrenal cortical hormone and is ineffective 
in the absence of adrenal cortical tissue (8, 9). 

(2) The growth hormone. One of the important func- 
tions of the anterior pituitary is to promote growth. By 
“growth” is meant growth of all tissues not merely of 
the epiphyseal cartilages; this means nitrogen retention. 
One effect of the growth hormone, therefore, must be 
directly opposed to that of the corticotropic hormone 
which, through the adrenal cortex, stimulates the con- 
version of proteins into sugars. Thus, whether nitrogen 
is retained in a patient with hyperpituitarism will de- 
pend in some measure on whether the growth effect 
making for retention outweighs the corticotropic effect 
promoting increased gluconeogenesis. 

(3) The glycotropic hormone (10). Of the hormones 
here discussed, this is the most difficult about which to 
be dogmatic. It inhibits the action of insulin in lowering 
the blood glucose (11, 12) but does not itself raise the 
blood glucose level (10); it is probably identical with 
the ‘glycostatic’ hormone which prevents the fall of 
muscle glycogen in pituitarectomized animals (13). The 
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Fig. 2. SCHEMATIC PRESENTATION OF VARIOUS ENDOCRINE CONDITIONS WHICH AFFECT GLUCOSE METABOLISM (see text). In this and in subse- 
quent figures, the white arrows represent gluconeogensis, the black arrows glycotropic hormone, and the cross-hatched arrows insulin. 


liberated are in part converted by the liver into glu- 
cose and glycogen (8, 9); it thereby increases liver 
and muscle glycogen stores and raises the blood sugar 
level. Its production is controlled by the cortico- 
tropic hormone of the anterior pituitary. 

d). Anterior pituitary hormones. The ‘diabeto- 
genic hormone’ was a term once used to account for 


3In this paper the expression “adrenal cortical hormone,” is 
used as if it were synonymous with “those adrenocortical sub- 
stances influencing carbohydrate metabolism.” 


glycotropic hormone is effective in adrenalectomized 
animals (13) in contradistinction to the corticotropic 
hormone. 


e). “Metabolic Mixtures.” The actions of the pitu- 
itary hormones on energy metabolism are made more 
lucid by Dr. C. N. H. Long’s concept of “metabolic 
mixture” (14). He points out that the pituitary fac- 
tors just discussed, unlike the thyroid hormone, do 
not influence the total energy metabolism, merely 
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the percentage of carbohydrate, protein and fat 
being used in the metabolic mixture. Energy in the 
body is obtained from the oxidation of carbohy- 
drates and fats. Protein produces energy indirectly 
by producing carbohydrates (gluconeogenesis). The 
percentage of the energy which is derived from any 
one of the three food stuffs depends on many factors 
other than the hormones. In figure 1 is shown the 
kind of redistribution of percentages which might be 
expected in a normal individual who was deriving 
one-third of his energy from each of the three food 
stuffs (circle A, fig. 1), by an increase in adrenal cor- 
tical hormone (circle B, fig. 1), or by an increase in 
both the growth and the glycotropic hormones (cir- 
cle C, fig. 1). It will be seen that one does not need to 
hypothesize a separate “ketogenic hormone’ (15) from 
the pituitary. The combination of the growth hor- 
mone and of the glycotropic hormone is bound to 
promote ketosis. Thus, the growth hormone con- 
serves proteins; the glycotropic hormone inhibits the 
combustion of carbohydrates; fats alone are left to 
supply the energy and hence ketone body formation 
is increased (7, 16, 17). Harrison and Long (13) also 
point out that the whole control of the amount of 
protein burned or stored probably normally depends 
on some mechanism controlling the relative activities 
of the corticotropic and growth factors. If one ad- 
ministers an anterior pituitary extract which con- 
tains both the corticotropic and the growth hor- 
mones to an animal, the nitrogen excretion may go up 
or down depending on whether the increase of sugar 
production from proteins due to the corticotropic hor- 
mone outweighs the protein sparing action of the 
growth hormone; if one gives the same extract to an 
adrenalectomized animal, the nitrogen excretion, of 
course, must go down (17). This subject is further 
complicated by the fact that testosterone, the pro- 
duction of which is stimulated by the luteinizing hor- 
mone of the anterior pituitary, is also nitrogen sparing 
like the growth hormone (18). 


Diagrammatic Presentation of Effect of Various 
Hormones on Glucose Level in Serum 


In a normal individual, the serum glucose level is 
normal. The influences which tend to raise it above 
normal must be balanced by the influences which 
tend to lower it below normal. In figure 2 an influence 
which tends to raise the glucose level is represented 
by an arrow which points upward and one which 
tends to lower the level by an arrow pointed down 
wards. Only three influences are represented: insulin, 
gluconeogensis, and the glycotropic hormone. It is 
assumed that other influences such as liver, muscle 
and adrenalin are normal. Insulin, of course, is a glu- 
cose-level-lowering influence and is depicted by a 
cross-hatched arrow (fig. 2). Gluconeogenesis is a 
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glucose-raising influence and is depicted by a white 
arrow. Any increase in the adrenal cortical hormone 
will lengthen the white arrow; an increase in the 
growth hormone will shorten the white arrow; in 
hyperpituitarism the white arrow will be shorter 
than normal if the growth effect outweighs the effect 
of the corticotropic hormone on the adrenal cortex. 
The glycotropic hormone because it antagonizes in- 
sulin, is represented as glucose raising (the black 
arrow). 

In figure 2 are represented various disease entities 
involving the three hormones discussed above. It 
should be noted that only the arrows depicting the 
hormones or functions directly affected are shortened 
or lengthened. In most conditions, as a matter of fact, 
an abnormality in one hormone is partially offset by 
a compensatory change in another. “2 


CLINICAL TESTS AND POSSIBLE ABNORMAL 
RESPONSES 


Our data are concerned with three types of sugar 
tests: a) glucose tolerance test (G.T.T.), b) insulin 
tolerance test (I.T.T.), and c) combined glucose and 
insulin tolerance test (G.I.T.T.). 

In performing any of these tests it is most essential 
that the patient be prepared in a standard manner. 
If one is on a high carbohydrate diet, one’s blood 
sugar level becomes much more responsive to insulin 
(19); this is probably due to the fact that the body 
compensates for a high carbohydrate intake by ex- 
creting less of the glycotropic hormone which an- 
tagonizes insulin. In this study all adult patients have 
received a diet containing at least 300 gm. of carbo- 
hydrate daily for each of the 3 days preceding the 
test. The test itself is begun after a fast of exactly 12 
hours. The tests in a given patient are made on subse- 
quent days. 

The G.T.T. is widely used and requires little dis- 
cussion. Its purpose is to study the reaction of the 
patient to an alimentary hyperglycemia and its chief 
value is to elicit one abnormal response: hypergly- 
cemia unresponsiveness (=decreased sugar toler- 
ance). Hyperglycemia resistance (=increased sugar 
tolerance) can be looked for, but the abnormality 
which such a finding suggests can be brought out 
better in another test (see below). In general it is 
better to pick a test which brings out a weakness in 
the compensatory mechanism rather than one which 
elicits an increased aptitude. A condition which 
causes increased tolerance to one set of conditions 
probably leads to decreased tolerance to another. 

The I.T.T. has two purposes: to measure the sen- 
sitivity of the blood glucose level to insulin and, sec- 
ondly, its responsiveness to an insulin-induced hypo- 
glycemia. The details of the test are givengin the ap- 
pendix. Insulin is administered intravenously. Nor- 
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mally, the serum glucose level falls to about 50% of 
the fasting level at the 20 or 30-minute sample. Once 
a level of 50% of the fasting level has been attained 
the mechanism for responding to hypoglycemia 
should be set in action and the glucose level should 
be back to the fasting level in 60 to 90 minutes there- 
after (i.e., 90 to 120 minutes after the insulin injec- 
tion). One looks for two abnormalities: a) “insulin 
resistant” where the fall never reaches 50% of the 
fasting level or does not do so for 45 minutes or more, 
b) “hypoglycemia unresponsiveness” where there is 
an absent or delayed rise. The term, ‘decreased insulin 
tolerance,’ isan ambiguous one as one can find insulin 
resistance combined with hypoglycemia unrespon- 
siveness (see section on Addison's disease). It is cus- 
tomary to inject adrenalin two hours after the insulin 
and to collect two more blood samples at 45 minutes 
and 60 minutes. This often gives additional confirma- 
tory evidence since the ability of the glucose level to 
respond to hypoglycemia depends mostly on the 
ability of the liver to give off glucose in response to 
adrenalin. To be sure, whether the liver has any gly- 
cogen to convert into sugar will depend on other 
hormones, notably that of the adrenal cortex. Hypo- 
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NORMAL ADDISON'S ADDISON'S 
DISEASE DISEASE 
UNCOMPENSATED COMPENSATED 


Fig. 3. ADDISON'S DISEASE SHOWING PRIMARY DISORDER AND POS- 
SIBLE COMPENSATING MECHANISM. 


glycemia unresponsiveness is usually coupled with a 
decreased adrenalin response. 

The G.1.T.T. (see appendix for details) was intro- 
duced by Himsworth (20). In it glucose is adminis- 
tered orally simultaneously with insulin intraven- 
ously. It has just one purpose: to determine in a 
patient who is hyperglycemia unresponsive whether 
the abnormality is due to lack of insulin or resistance 
to it. The test is so arranged that the insulin should 
balance the glucose and hence in a normal individual 
the blood glucose level should remain approximately 
flat. The patient with diabetes due to hypoinsulinism 
will also show a flat G.I.T.T. curve or may even 
show evidence of increased responsiveness to insulin. 
If the patient is insulin resistant, however, the 
G.I.T.T. should approach the G.T.T. as a limit de- 
pending on the degree of insulin resistance. 

It should be emphasized that the patient must be 
prepared with the standard diet for the G.I.T.T. 
test as with the other tests. DeWesselow and Grif- 
fiths (21) attempted to use this test to separate in- 
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sulin sensitive from insulin resistant diabetics and 
were unable to differentiate two distinct groups. The 
diets were not controlled and presumably their whole 
series was composed of individuals suffering from one 
type of carbohydrate disorder, namely hypoinsulin- 
ism. They were not attempting to differentiate be- 
tween the sugar disorder in acromegaly for example, 
and that in hypoinsulinism. 


Responses To Be Expected in Various Clinical 
Conditions 


A). Hypoinsulin diabetes. The G.T.T. will show 
hyperglycemia unresponsiveness; the G.I.T.T. will 
be normal showing that this unresponsiveness, in con- 
trast to that seen in hyperadrenocorticism and hy- 
perpituitarism, is not due to insulin resistance, but is 
due to insulin lack. 

B). Hyperinsulinism. The G.T.T. may show al- 
most any pattern, even a hyperglycemia unrespon- 
siveness (22) probably due to a compensatory in- 
crease of glycotropic hormone production. If the test 
is prolonged, the blood sugar level shows a steady, 
continuous fall. Feinier (23) has shown that it may 
not reach hypoglycemia levels unless prolonged for 
48 hours. The most important test is the I1.T.T. which 
should show hypoglycemia unresponsiveness (24). 

C). Primary hypo-adrenocorticism (Addison's dis- 
ease). The crucial test here is the I.T.T. since the 
chief hormone which has to do with sugar production 
from protein is deficient (fig. 2). This test character- 
istically shows hypoglycemia unresponsiveness. This 
finding may be coupled with a slow initial fall indi- 
cating slight insulin resistance, possibly due to a com- 
pensatory overproduction of glycotropic hormone 
(fig. 3). Insulin resistance is by no means a constant 
finding, but when present, differentiates the malady 
from hypopituitarism (see below). The G.T.T. may 
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Fig. 4. I.T.T.’s 1 2 CASES OF ADDISON'S DISEASE COMPARED WITH 
THE COMPOSITE NORMAL. Note insulin resistance combined with 
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Fig. 5. G.T.T. in § PATIENTS WITH CUSHING’S SYNDROME COM- 
PARED WITH THE NORMAL CURVE (heavy solid line) AND WITH THAT 
OF A PATIENT WITH ADRENOGENITAL SYNDROME (heavy broken 
line). Patients A.P. and M.S. had adrenal carcinomas; patients 
R.B., B.V. and B.A. had Cushing's syndrome without adrenal 
carcinoma. 


be surprisingly normal. In figure 4 the I.T.T.’s of 
two patients with Addison's disease are compared 
with the composite normal curve. 

D). Adrenal cortical hormone excess (Cushing's 
disease with or without adrenal tumor). It is now quite 
clear that adrenal cortical hormone excess may pro- 
duce two entirely different syndromes. In this paper 
we are chiefly concerned with that type of adrenal 
cortical hormone excess which facilitates the conver- 
sion of proteins into sugar. This, in the opinion of the 
authors, leads to the clinical syndrome which goes 
by the name of Cushing’s syndrome. It is charac- 
terized by “diabetes” which is insulin resistant, 
hirsutism in females without other evidences of viril- 
ism, muscular weakness, and atrophy of the skin and 
bones. It must be admitted that the evidence that all 
cases of Cushing’s syndrome are associated with 
adrenal cortical hormone excess is not clear cut. There 
seems little doubt that the cases which have adrenal 
cortical neoplasms are suffering from a primary ad- 
renal cortical hormone excess; in this clinic, as will be 
discussed more fully elsewhere (25), it is believed 
that all cases of Cushing’s syndrome have an adrenal 
cortical hormone excess. The other syndrome (ad- 
renogenital syndrome) produced by adrenal cortical 
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excess is in many ways the exact antithesis of Cush- 
ing’s syndrome. There, in the opinion of the authors, 
the steroid produced in excess, instead of converting 
proteins into sugar, conserves proteins and facili- 
tates growth. Hence, the adrenogenital syndrome 
includes among its characteristics a relatively nor- 
mal sugar metabolism, nitrogen retention, excessive 
growth in children, and increase in muscular strength. 

The fasting blood sugar in Cushing's disease is 
usually normal, but the G.T.T. shows marked hy- 
perglycemia unresponsiveness (fig. 5). The G.T.T. 
in the adrenogenital syndrome may be normal (fig. 5). 
The G.I.T.T. shows that the hyperglycemia unre- 
sponsiveness in Cushing's disease is not due to insulin 
lack, but to insulin resistance (fig. 6). 

E). Combined corticotropic, growth, and glyco- 
tropic hormone lack (““Pan-hypopituitarism”’).4 In pan- 
hypopituitarism the crucial test is the I.T.T. in which 
one finds hypoglycemia unresponsiveness because of 
corticotropic hormone lack now regularly combined 
with increased responsiveness to insulin because of 
glycotropic hormone lack (cf. primary hypoadreno- 
corticism). The absence of growth hormone appar- 
ently has no modifying effect. One usually starts 
with one-third of the usual dose of insulin to avoid 
too persistent hypoglycemia (see appendix). Indeed, 
the evidence for increased responsiveness to insulin 
in this condition is the fact that one can usually ob- 
tain a 50% fall in the glucose level in 20 to 30 mine 
utes with one-third the dosage. The G.T.T. may 
show increased tolerance (hyperglycemia resist- 
ance) but this is inconstant (27). In figure 7 the 
I.T.T.’s of 9 patients with pan-hypopituitarism are 
compared with the composite normal curve. 

Since one of the important clinical differential di- 
agnoses is between pan-hypopituitarism with its 
secondary hypothyroidism and a primary hypothy- 
roidism (myxedema), figure 8 is included which shows 
the I.T.T.’s of 4 patients with primary hypothyroid- 
ism as compared with the normal curves and the com- 
posite curve of the pan-hypopituitary patients. It will 
be noted that in primary hypothyroidism insulin re- 
sponsiveness is diminished rather than increased and 
hypoglycemia unresponsiveness is only moderate. 

Anorexia nervosa is another condition which may 
be confused with pan-hypopituitarism. Here again 
(fig. 9) the I.T.T.’s in the group as a whole are dis- 
tinguishing although in any one case the test would 
perhaps not suffice to make the diagnosis. Whereas 
the curves differ from the normal in the same direc- 
tion as in pan-hypopituitarism, the abnormalities are 
not so marked. 

In figure 10, are shown the I.T.T.’s of § patients 
who were at one time suspected of having pan-hypo- 


4 By “Pan-hypopituitarism™ is meant underfunction of all ele- 
ments of anterior pituitary. 
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pituitarism. The I.T.T.’s were against this diagnosis, 
which was subsequently ruled out on other grounds. 
Thus, McC., at autopsy, had a normal rim of pitui- 
tary tissue although the remaining pituitary had been 
destroyed by a cyst. Furthermore, the result of his 
17-ketosteroid assay on the urine was 2.5 mg. per 24 
hours, whereas all the cases shown in figure 7 had 
17-ketosteroid assay results of less than 0.5 mg. per 
24 hours. The significance of the 17-ketosteroid assay 
is discussed elsewhere (28). Patient M.G. had a 
supra-sellar cyst and probably Fréhlich’s syndrome. 
Her 17-ketosteroid assay result likewise was above 
0.5 mg./24 hr. There was no reason to believe that 
her pituitary was not intact. Patient M.B. had a nor- 
mal 17-ketosteroid excretion and in all probability 
had a chromophobe adenoma of the pituitary. Patient 
D.S. had developmental retardation secondary to a 
hyperchromic macrocytic anemia. Her 17-ketosteroid 
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Corticotropic, Growth and Glycotropic 
Hormone Excess (Acromegaly) 


The glucose metabolism abnormalities in acro- 
megaly (eosinophilic pituitary tumor) are probably 
not as simple or as constant as suggested in figure 2. 
One would expect decreased gluconeogenesis from 
the resulting actions of the corticotropic hormone 
stimulating gluconeogenesis and the growth hormone 
retarding it, coupled with inhibition of insulin action 
due to the glycotropic hormone. The G.T.T. should 
therefore show hyperglycemia unresponsiveness and 
the G.I.T.T. should show that this unresponsiveness 
is due, partly at least, to insulin resistance. And, in- 
deed, such are the findings in some cases of acro- 
megaly (25) (see also fig. 11 A and F). Other patients 
with acromegaly, however, show different findings, 
probably for two different reasons. 
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Fig. 6. G.T.T. in 3 PATIENTS WITH CUSHING'S 8YNDROME COMPARED WITH THEIR RESPECTIVE 
G.1.T.T.’s. A normal G.T.T with G.L.T.T. is also shown (Flaum, 26). 


assay results were 1.4 and 2.7 mg. per 24 hr., and she 
subsequently established her menarche under treat- 
ment for anemia. Patient C.B. was suspected of being 
a pituitary dwarf, but his 17-ketosteroid excretion in 
the urine was considered too high for this diagnosis. 


In the first place whether there is decreased or in- 
creased gluconeogenesis as discussed above will de- 
pend on whether the excess of growth hormone 
conserving protein outweighs the excess of cortico- 
tropic hormone leading to protein combustion. This 
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question may also be influenced from another direc- 
tion. Testosterone, like the growth hormone, is pro- 
tein sparing. Testosterone production may conceiv- 
ably be increased in acromegaly since there is some 
evidence that the luteinizing hormone (LH) which 
stimulates testosterone production is made by the 
eosinophil cells of the pituitary (29). From a clinical 
point of view, whether one is a strong or a weak 
acromegalic may depend on whether there is de- 
creased or increased glyconeogenesis, (i.e., whether 
the growth plus LH effects outweigh the cortico- 
tropic effect). 

There is the possibility of a disturbance in the glu- 
cose metabolism in still another diréction in acro- 
megaly. Young has shown that the continuous ad- 
ministration of anterior pituitary hormone in dogs 
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Fig. 7. I.T.T.’s In 9 PATIENTS WITH PAN-HYPOPITUITARISM AS 
COMPARED WITH THE COMPOSITE NORMAL cuRvVE. Patients D.A. 
and T.O'R. (dotted lines) received one-half the standard dose of 
insulin. 
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may lead to a permanent hypoinsulin diabetes (30). 
The probable sequence of events is shown diagram- 
matically in figure 12. There is no reason why this 
same sequence of events should not occur in patients 
with eosinophil tumors of the pituitary and in the 
authors’ opinion it does. That is to say, a patient 
with acromegaly may be at the stage of “compensa- 
tory hyperinsulinism” (fig. 12) or may end by having 
hypoinsulinism like a “Young dog.” It will be seen, 
therefore, that one might have almost any kind of 
sugar curve in acromegaly. One does (fig. 11). 


Patient with Glucose Metabolism Abnormalities 
Similar to Those of a ““Houssay Dog.” 


Houssay has shown that if one removes the an- 
terior pituitary from a pancreatectomized dog, most 
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Fig. 10. 1.T.T.’s 1n 5 CASES OF SUSPECTED PITUITARY DISORDER 
COMPARED WITH THE COMPOSITE NORMAL cuRVE. From the results 
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of the manifestations of the diabetes disappear (31). 











Such an animal, however, is in a very unstable equi- 
librium in regard to its glucose metabolism. Thus, if 
one gives glucose by mouth, the serum glucose level 
rises rapidly and remains high for a long period of 
time; conversely if one administers a small amount 
of insulin the glocose level goes down and remains 
down. The animal has lost its ability to adjust. In 
figure 13 A, the stages in the production of a Houssay 
dog are illustrated diagrammatically. 





The patient (F.F. 156946) was first seen in 1933 at the 
age of 28. At this time the clinical picture was that of a 








mild Simmonds’ cachexia due to a chromophobe tumor of 
the anterior pituitary. The more important points in the 
symptomatology were: amenorrhea, headaches, marked 
weakness, and loss of 47 lb. in weight during the previous 
year. On physical examination, the blood pressure was 
90/80; skin was very dry; mucous membranes of the va- 
gina were atrophied; and the pubic and axillary hair was 
somewhat sparse. The B.M.R. varied between —21 and 
—25. The G.T.T. was perfectly normal. There was no 
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Fig. II. GLUCOSE CURVES ON FIVE PATIENTS WITH ACROMEGALY. 
Patient T.H. had extensive x-ray therapy between the curves in 
C and those in D; clinically, however, her condition remained 
unchanged. The most conclusive evidence of insulin resistance is 
shown in the curves in F; note in the I.T.T. that the glucose level 
never reached a hypoglycemic level. 
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increase of follicle stimulating hormone in the urine as 
there should have been, had the amenorrhea been due to 
a primary ovarian hypofunction. X-ray of the sella turcica 
showed evidence of pituitary tumor. 

The patient was given x-ray irradiation to the pituitary. 
This was followed by marked improvement and she was 
able to go back to normal activities. Her amenorrhea, how- 
ever, persisted. 

The patient’s second admission was in October, 1938. 
One week before admission her physician had found her 
in diabetic coma with a marked glycosuria. She had re- 
sponded well to insulin therapy but, three days before 
admission, apparently went into hypoglycemic coma. 

Physical examination showed that pubic hair was very 
sparse and axillary hair was absent; the skin was quite 
dry; mucous membranes of the vagina were completely 
atrophied; blood pressure was 105/75. B.M.R. was now 
—37%. Her G.T.T. and I.T.T. at this time were most 
abnormal (fig. 14). The findings were exactly what one 
would expect in a pituitarectomized, pancreatectomized 
individual. Thus, the G.T.T. showed marked hypergly- 
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Fig. 12. SCHEMATIC REPRESENTATION OF STAGES OF DEVELOPMENT OF A “YOUNG DOG.” 
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cemia unresponsiveness; the I.T.T. showed marked hypo- 
glycemia unresponsiveness. 

The patient was given further x-ray therapy of the 
pituitary with marked improvement once more. She re- 
turned for further studies in March, 1939. The picture 
was again entirely changed. Her fasting blood sugar was 
now high (238 mg. %) instead of normal; the hypopitui- 
tarism had apparently been decreased and there was now 
evidence of hypoinsulinism, no longer masked by the ex- 
tensive pituitary deficiency. It seems probable that the 
sequence of events in this patient was: a) chromophobe 
pituitary tumor, b) pan-hypopituitarism due to pressure, 
c) compensatory hypoinsulinism, d) diminution of hypo- 
pituitarism by relief of pressure with second course of 
x-ray therapy, and e) hypoinsulinism by itself. This pos- 
sible sequence of events is diagrammatically represented 
in figure 13B. To be sure, one cannot be certain that hypo- 
insulinism was on a compensatory basis, or whether a 
patient with pan-hypopituitarism just happened to de- 
velop hypoinsulinism. In favor of this second possibility 
was the fact that her mother also had had diabetes. 


SUMMARY AND CONCLUSIONS 


The effects of insulin, adrenal cortical hormone, 
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and the glocose-insulin tolerance test (G.L.T.T.) in 
islet, pituitary and adrenal conditions. The following 
conclusions are drawn. 

(a) The G.T.T. is of value in eliciting hypergly- 
cemia unresponsiveness, which may be due either to 
insulin lack or insulin resistance. 

(b) The G.I.T.T. is of value in demonstrating 
whether hyperglycemia unresponsiveness is due to 
insulin lack (hypoinsulinism) or to insulin resistance 
(hyperpituitarism, hyperadrenocorticism). 

(c) The I.T.T. is of value in eliciting hypogly- 
cemia unresponsiveness (hyperinsulinism, pan-hypo- 
pituitarism, hypoadrenocorticism). 

(d) The I.T.T. may be of value in differentiating 
pan-hypopituitarism from some cases of anorexia 
nervosa and from primary hypothyroidism. 

(e) The sugar curves in acromegaly are inconstant; 
the probable reasons for this are discussed. 

A case history is briefly presented of a patient who 
developed the endocrinologic abnormalities present in 
a “Houssay dog”; these abnormalities were demon- 
strated by these tests. 
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Fig. 13. A. SCHEMATIC REPRESENTATION OF STAGES OF DEVELOPMENT OF A “Houssay Doc.” B, SCHEMATIC REPRESENTATION OF 
STAGES IN PATIENT F.F, WHO DEVELOPED ENDOCRINOLOGIC ABNORMALITIES SIMILAR TO THOSE OF A “Houssay DOG.” 


and pituitary hormones on glucose metabolism are 
discussed and an attempt is made to represent 
schematically the abnormalities of blood sugar regu- 
lation in various clinical disorders of endocrine 
glands. 

A survey is made of the value of the glucose toler- 
ance test (G.T.T.), the insulin tolerance test (I.T.T.), 


APPENDIX 


Chemical methods. Capillary blood samples were used 
throughout all of the tests; micro-sugar determinations 
were made after the method of Folin and Svedberg (32). 

Glucose tolerance test. One hundred grams of glucose 
dissolved in one glass of water was used for all adult 
patients. Blood samples were taken at 0, 3, 1, 2, 3, and 
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Fig. 14. G.T.T., I1.T.T. ano G.I.T.T. in A PATIENT WITH 
ENDOCRINOLOGIC ABNORMALITIES SIMILAR TO THOSE OF A “Hous- 
SAY DOG” (see text). 


sometimes 4 hours. It has been decided to use in the future 
0.8 gm. of glucose per kg. of ideal body weight as deter- 
mined by a height-age table. 

Insulin tolerance test. One-tenth of a unit of insulin per 
kg. of wt. was given intravenously. It is now believed that 
a more scientifically correct dosage would be 0.1 u per 
kg. of ideal weight as determined by a height-age table. 
Blood samples were taken at 0, 20, 30, 45, 60, 90, and 120 
minutes. In most instances 0.01 cc. of 1:1,000 adrenalin 
per kg. of body wt. was given intramuscularly after the 
120-minute sample was taken. Two more blood samples 
were then collected at 45 and 60 minutes thereafter. Blood 
pressure determinations were made at the time the blood 
samples were taken and clinical symptoms of hypogly- 
cemia were carefully noted, both as to time of onset and 
severity. These include faintness, headache, dizziness, 
sensations of warmth, perspiration, palpitation, tremor 
and sometimes visual disturbances. In most cases these 
symptoms disappear about 15 minutes after onset, but in 
cases of severe pan-hypopituitarism, Addison's disease, 
or hyperinsulinism they are likely to persist for sometime 
and the test may have to be terminated. Clouding of con- 
sciousness is a grave sign and may be detected by the in- 
ability of the patient to answer questions intelligently or 
to carry on conversation in the usual manner. The test 
may be interrupted by the administration of intravenous 
glucose, or the patient may be urged to take dilute tea 
with a little sugar in it by mouth. After the initial symp- 
toms of hypoglycemia have worn off the patient often 
lapses into a state of lassitude and may sleep soundly; it 
is always well to arouse him at the time of taking each 
sample and to note any clouding of consciousness. After 
the test is concluded, the patient is given a high carbohy- 
drate meal and is told that he should have something 
high in carbohydrate content about 3 hours after the test 
is finished. 
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Certain precautions must be observed. In cases sus- 
pected of having pan-hypopituitarism, Addison's disease 
or hyperinsulinism, one should start with } or 4 the 
calculated dose of insulin. The symptomatology should 
be even more carefully noted. 

Glucose insulin tolerance test. In this test the amount 
of glucose given is that given in the G.T.T.; the amount 
of insulin that given in the I.T.T. Both the glucose and 
insulin are administered simultaneously, and blood samples 
are collected at 0, 20, 30, 45, 60, go and 120 minutes. 
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responsible for the development of diabetic 

acidosis and coma have received much con- 
sideration, they are far from clear. Of the many pos- 
sible factors, agreement exists only with reference to 
the fact that either infection or insulin deprivation 
can frecipitate diabetic acidosis. 

Many authors state unequivocally that the inges- 
tion of excessive amounts of carbohydrate is an im- 
portant factor in “breaking the control” of a diabetic 
and in the development of acidosis. Thus, in 1937, 
Joslin (1) asserted that dietary indiscretion was the 
most common etiologic factor in diabetic coma. More 
recently, Martin, Drury and Strouse (2) stated that, 
“The margin of safety in the patient with severe 
diabetes who has wide variations in the blood sugar 
content during the day and night is too small. A little 
excess food may give rise to a hyperglycemia, sudden- 
ly associated with ketosis, as we have noted in several 
patients entering the diabetic service in coma. Careful 
inquiry has shown that these patients have had no 
change in the daily amount of insulin and no infec- 
tions or febrile illnesses to account for the sudden 
onset of acidosis. An increase in carbohydrate intake 
was usually admitted.” This point of view is empha- 
sized by Root (3) who states that “during severe and 
uncontrolled coma, dextrose is to be regarded as a 
poison.” 

In spite of the certainty with which the above and 
many other similar opinions are expressed concerning 
the danger of a high carbohydrate intake, we do not 


ee the etiologic factors which may be 
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THE ROLE OF EXCESSIVE CARBO- 
HYDRATE INTAKE IN THE ETIOL- 
OGY OF DIABETIC COMA! 
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A. N. Franzsiau, M.D.,? 
Norton Ne son, Ph.D., AND 
Watpo E. Netson, M.D.3 


From the May Institute for Medi- 
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know of any reports in which this assumption has 
been put to direct experimental test. 

Diabetic coma is a clinical syndrome which de- 
velops chiefly in consequence of an accumulation of 
the acetone bodies (@-hydroxybutyric acid, aceto- 
acetic acid, and acetone) in the blood and tissues of 
the diabetic patient. The magnitude of this accumu- 
lation is dependent upon the balance between the 
rate at which these acetone bodies are produced and 
the rate at which they are destroyed by or excreted 
from the body. 

In the past, the production of acetone bodies has 
been considered to be due to an impairment in the 
oxidation of fatty acids in consequence of an inability 
of the tissues to oxidize carbohydrate, giving rise to 
the statement “fats burn in the flames of carbohy- 
drate.”’ Recently this assumption has been shown to 
be erroneous. Evidence now exists that the diabetic 
organism can burn glucose (4), that acetone bodies are 
formed only in the liver (5), that the acetone bodies 
are utilized equally well by the tissues of normal and 
of diabetic animals (6), that the production of acetone 
bodies will occur whenever the hepatic glycogen 
concentration falls to some subnormal level (7), that 
the utilization of acetone bodies by the muscles is not 
influenced by the rate of glucose utilization nor by 
the administration of exogenous glucose (8, 9, 10) and 
that the production of acetone bodies can be inhibited 
by any factor which will enable the liver to retain 
adequate stores of glycogen (11, 12). In confirmation 
of the last statement, it has been demonstrated that 
when large amounts of glucose are administered to 
the completely depancreatized dog receiving no in- 
sulin, the production of acetone bodies ceases and the 
acetonemia and the acetonuria consequently disap- 
pear. Hence, it is evident from recent work on acetone 
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body production and utilization that “the flames of 
carbohydrate extinguish those of fat,” and that there 
is little in favor of the concept that the ingestion of 
excessive amounts of carbohydrate will accelerate the 
production of acetone bodies and thereby induce the 
development of diabetic coma in patients suffering 
with diabetes mellitus. 

The purpose of this study was to test the influence 
of excessive amounts of carbohydrate ingested by 
diabetic patients in order to obtain evidence as to 
whether carbohydrate by itself has any deleterious 
effect insofar as the production of acetone bodies is 
concerned. 

EXPERIMENTAL 

The studies which form the basis of the present 
report were performed on 8 patients who were ad- 
mitted to the hospital for periods of from 1 to 3 
months. They varied in age from 15 to 67 years. A 
much larger group of over 25 patients was also stud- 
ied, but not in the same detailed manner as the pa- 
tients which will be discussed below. After the in- 
sulin requirements were determined and the patients 
were under good clinical and chemical control, vari- 
ous regimes were instituted. The influence of com- 
plete deprivation of exogenous insulin was first de- 
termined, and insulin administration was reinstituted 
when symptoms of acidosis appeared. In all instances 
the influence of the carbohydrate content of the diet 
was determined after the insulin dosage was reduced 
to a level which just would prevent the development 
of signs and symptoms of precoma. Where possible 
the effect of different amounts of carbohydrate in the 
diet was studied in the complete absence of exogenous 
insulin. Thus it was possible to distinguish between 
changes due to a lack of insulin and those due to the 
excessive intake of carbohydrate. In all subjects the 
fat and protein content of the diet was maintained 
at a constant level throughout all observations while 
the carbohydrate content was increased to the limits 
of the subjects’ ability to eat the diet, which varied 
from 550 to 1300 gm. of carbohydrate per day. 

The sugar content and acetone body content of the 
blood were determined at frequent intervals. The uri- 
nary excretion of sugar, acetone bodies and nitrogen 
was determined daily. The methods employed for 
these determinations were as follows: Sugar by the 
Somogyi modification of the Shaffer-Hartman method, 
acetone bodies by the Van Slyke method and nitrogen 
by the Kjeldahl method. 

Two types of response were observed in conse- 
quence of insulin deprivation. Four patients re- 
sponded with a rapid development of acetone bodies 
and hyperglycemia, culminating in acidosis with 
signs and symptoms of precoma within the first 
twenty-four hours (fig. 1a). In the other 4 patients, 
insulin deprivation resulted in a slow development 
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Fig. 1. ILLusTRATING THE TYPE OF ADULT DIABETIC WHICH 
RAPIDLY DEVELOPS KETOSIS AFTER DEPRIVATION OF EXOGENOUS IN- 
SULIN. a, Sudden deprivation of insulin on a diet containing 119 
gm. carbohydrate. b, Sudden deprivation on a diet containing 1,300 
gm. carbohydrate. c, Gradual removal of insulin over 14 days ona 
diet containing 400 gm. carbohydrate (see text, case 1). 


of acetonemia and acetonuria which did not produce 
a significant acidosis even after one week when the 
patients were receiving a liberal diet (fig. 3, 4). These 
studies revealed that, with a constant intake of carbo- 
hydrate, insulin deprivation will induce ketogenesis 
and will result in acetonuria in a short period of time 
in one group of patients and in a longer period in the 
other group. 

The influence of a high carbohydrate intake on the 
development of acetonuria in the absence of insulin 
was then studied. Again, two types of response were 
observed. In one group of 4 patients, irrespective of 
whether large or small amounts of carbohydrate were 
ingested, the removal of exogenous insulin resulted 
in a rapid development of acidosis with the signs and 
symptoms of precoma (fig. 1b). In the remainder of 
the patients, a slowly developing acetonuria could be 
prevented by the administration of large amounts of 
carbohydrate even when the exogenous insulin was 
discontinued (fig. 3, 4). 

In order to prevent the rapid onset of acetonuria 
consequent to the discontinuation of insulin, the pa- 
tients of the first group were studied until the mini- 
mum dose of insulin which would just keep them 
from developing signs and symptoms of precoma was 
determined. The carbohydrate intake was then 
gradually increased to varying levels and the effect 
noted. It was observed that, under these conditions, 
the acetonuria diminished even though the glycosuria 
increased markedly (fig. 5). 

The following typical experiments illustrate the 
above observations. 


Case 1. Mrs. M. F., a 32-year-old housewife, was 
known to have had diabetes mellitus for 12 years and to 
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have been admitted to the hospital 17 times for either 
hypoglycemic shock or diabetic acidosis during this pe- 
riod. After an adequate control period on a daily diet con- 
taining 119 gm. of carbohydrate and a daily insulin dosage 
of 40 u, the insulin was discontinued; the diet being main- 
tained at the control level containing 119 gm. of carbohy- 
drate. A rapid accumulation of acetone bodies in the blood 
ensued and in 14 hours after the withdrawal of insulin 
the patient was in a state of precoma with signs and 
symptoms of acidosis, at which time the blood acetone 
bodies were 84 mg.% (fig. 1a). Glucose and §0 u of insulin 
were administered at the end of 18 hours, and glucose and 
25 u at the end of 24 hours. The patient recovered rapidly 
and was feeling well at the end of the next 24 hours. She 
was then maintained on a daily dose of 40 u of insulin and 
a diet containing 245 gm. of carbohydrate daily. 

The next experiment on this patient was performed 
after two weeks of this control regime. At this time the 
8 a.m. dose of insulin was omitted, and, at the same time, 
excessive quantities of carbohydrates were administered 
both with and between meals. The patient took approxi- 
mately 1,300 gm. of carbohydrate during the day and re- 
ceived no insulin. She manifested the same symptoms of 
precoma after about the same interval as in the previous 
study, and acetonemia likewise developed at the same 
rate (fig. 1b). 


Comparing these two episodes, the factor common 
to both was the sudden withdrawal of insulin, which 
appeared to be the causal agent in producing the chain 
of events leading to the severe ketosis. That the car- 
bohydrate intake was not an etiologic factor, is 
shown by the parallelism of both symptoms and blood 
ketone levels, although the total carbohydrate intake 
was 119 gm. in the first instance and 1,300 gm. in the 
second. If excessive intake of carbohydrate aggra- 
vates ketosis, the second episode should have been 
much more severe and should have developed much 
more rapidly, whereas actually, this did not happen. 
From the standpoint of the amount of acetone bodies 
excreted during the 24-hour period following the 
withdrawal of insulin, the first episode was far more 
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Fig. 2. INFLUENCE OF GRADUAL DEPRIVATION OF EXOGENOUS 
INSULIN ON A RELATIVELY HIGH CARBOHYDRATE INTAKE (see text, 
case 1). 
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alarming, 31 gm. of ketones having been excreted, 
than the second in which only 9 gm. of ketones were 
excreted. 

In order to obviate the effect of a sudden with- 
drawal of all the insulin, the influence of the gradual 
reduction of insulin injected was determined. After 
a time period during which the patient was controlled 
as above, she was put on a diet containing approxi- 
mately 400 gm. of carbohydrate and the insulin was 
reduced gradually from 40 u to 5 u over a period of 
12 days. On the 13th day insulin injections were dis- 
continued. The retention of carbohydrate‘ increased 
from 300 gm. on the 1st day of this experimental pe- 
riod to 400 gm. on the 6th, 7th, and 8th days, while 
the ketonuria fell to zero. On the gth day, when she 
was still receiving 25 u of insulin her retention of 
carbohydrate began to fall, reaching 165 gm. per day 
on the 14th day. Her acetonuria remained less than 
0.5 gm. per day until the 13th day when the insulin 
injections were discontinued. At this time the ace- 
tonuria suddenly increased to 13 gm., although her 
fasting blood level of acetone bodies on the following 
morning was only 29.0 mg. %. On the 14th day she 
began to display all of the symptoms of precoma 
which she had manifested during her first two epi 
sodes (fig. 2). The time sequences in the development 
of symptoms were exactly the same after withdrawal 
of the § u of insulin on the 14th day as they had been 
after the withdrawal of 40 u on the previous occa- 
sions, and the development of acetonemia essentially 
paralleled that occurring in the first two episodes 
(fig. 1c). 

This patient appeared to be able to adjust to a de- 
creasing dosage of insulin until a certain minimum was 
reached. It therefore became of interest to determine 
the minimum level of insulin and maximum level of 
carbohydrate on which she could be maintained 
without ketosis. After a period of 6 days for 
controlling the patient on a total carbohydrate intake 
of 404 gm. and 15 u of insulin per day, during which 
period the acetonuria fell to below 1 gm. per day, the 
carbohydrate intake was increased to 504 gm. for an- 
other 6 days and then to 604 gm. Insulin dosage was 
maintained at 15 u per day for 15 days and was then 
reduced to 12.5 u. This dose was continued for an- 
other 3 days when it was reduced to 10.5 u per day 
for 2 days. From the time of reduction to a dose of 
12.5 u per day, the daily carbohydrate retention be- 
gan to fall, decreasing from 550 gm. of carbohydrate 
to 325 gm. per day in the period of 5 days. The excre- 
tion of acetone bodies rose from less than 0.5 gm. to 
5.5 gm. during the same period. The patient on the 


4 Retention of carbohydrate refers to the difference between 
the amount ingested and the amount excreted. This value repre- 
sents carbohydrate utilized by the patient for oxidation or storage 
as glycogen. 
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5th day again began to show signs of precoma and 
her blood ketone level reached 55.9 mg. %. Her clin- 
ical status did not become as severe as during the 
three previous episodes when insulin had been com- 
pletely withdrawn, but she was definitely ill, and 
showed such manifestations as excessive perspiration, 
loss of appetite, nausea, polyuria, epigastric pain, and 
general malaise. At this stage the insulin dosage was 
restored to 12.5 u and the carbohydrate intake was 
raised to the limit of the patient’s appetite. This 
regime was maintained for 6 days during which time 
the patient took from 775 to 925 gm. of carbohydrate 
and retained between 400 gm. and 675 gm. per day, 
averaging 540 gm. per day. Her total acetonuria de- 
clined somewhat from the preceding level of 5.5 gm., 
but remained at an average of 3 gm. per day. Evi- 
dently 10.5 u of insulin per day were insufficient, 
while 12.5 u approached her minimal requirements, 
and 15 u were sufficient for the high carbohydrate 
regimen. This striking phenomenon we have ob- 
served in a number of patients thus studied. 

In view of the repeated induction of acidosis in 
this patient (4 times) it was of interest to correlate 
the acetone body content of the blood with the signs 
and symptoms associated with the development of 
acidosis. It was noted that below a level of 35 mg. %, 
the patient had no symptoms. Between 35 mg. % and 
45 mg. % she was drowsy and developed polyuria 
and polydypsia. Headache, restlessness and uneasi- 
ness were the only other symptoms. At a level of 
from 45 to 65 mg. %, she complained of weakness, 
had excessive thirst and marked polyuria, her skin 
was moist and clammy, and perspiration was profuse. 
A loss of appetite occurred and she frequently com- 
plained of “heartburn.” When the level of the blood 
acetone bodies rose above 70 mg. %, the patient was 
obviously ill. Abdominal pain was present, and occa- 
sionally it became excruciating in nature and could 
not be relieved by the milder sedatives. This pain be- 
gan over the gall bladder area and extended through- 
out the right upper quadrant, to the right lower 
quadrant, to the whole abdomen and even to the 
flanks and back. The abdomen became tender. Vary- 
ing degrees of distention which increased as the 
acetonemia rose, could be noted. The patient at this 
stage was nauseated and, at frequent intervals, 
vomited large quantities of fluid. It is obvious that 
she would have passed into coma had not the study 
been terminated at this point by the administration 
of insulin. 

No relationship was noted between the blood 
sugar levels and the symptoms of acidosis, nor was 
there any correlation between the hyperglycemia and 
the degree of acetonemia. Thus, a blood sugar of 905 
mg. % was associated with an acetonemia of 31 mg. 
% at one time when the patient was relatively free of 
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Fig. 3. INFLUENCE OF EXOGENOUS INSULIN DEPRIVATION IN A 
PATIENT OF THE TYPE WHICH DEVELOPS ACIDOSIS VERY SLOWLY, AND 
THE CONSEQUENT EFFECT OF A HIGH CARBOHYDRATE INTAKE (see 
text, case 2). 


symptoms, while at another the blood sugar was 521 
mg. % while the total acetone body level in the blood 
was 84 mg. % and symptoms of acidosis were marked. 

The procedure of study outlined in the above case 
was repeated in all other cases and hence will not be 
detailed as fully. 


Case 2. Mrs. S. Z., a 51-year-old housewife was known 
to have suffered from diabetes mellitus for 15 years. She 
was well controlled on a diet containing 156 gm. of carbo- 
hydrate with 25 u of insulin per day. The insulin was then 
discontinued and the same carbohydrate intake main- 
tained for a week, after which it was reduced to 106 gm. 
per day. Four days later it was raised to 256 gm. and main- 
tained at that level for 5 days, when it was further raised 
to 356 gm. for the next 6 days. At the end of this period, 
the carbohydrate intake was increased for 5 days to the 
limit of the patient's appetite. 


Figure 3 illustrates the patient’s intake, excretion, 
and retention of carbohydrate for each of the 27 days 
of the study, as well as the daily excretion of acetone 
bodies. It will be noted first that the acetonuria of 
this patient remained very low throughout the study, 
never rising above 1.5 gm. per day; secondly, that the 
fluctuations from day to day bear no relationship to 
the amount of carbohydrate taken; thirdly, that in- 
creasing carbohydrate intake as high as 560 gm. per 
day failed entirely to produce a ketosis, despite the 
absence of all insulin from her regimen; and fourthly, 
that increasing amountsof carbohydrate were retained 
as the total carbohydrate intake was raised. It is also 
evident that the fasting blood sugar levels rose com 
paratively little despite the great increases in total 
carbohydrate intake. Hence, it is apparent that in- 
creasing the carbohydrate intake of this patient, after 
the administration of insulin was discontinued, pro- 
duced no increase in the acetone body excretion. 
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Case 3. Miss Z. S., a 20-year-old student, who had had 
symptoms of diabetes mellitus for not more than six 
months before her admission, had been under treatment 
for less than two weeks. The diabetes was controlled on 
a diet of 150 gm. carbohydrate, 60 gm. protein, and 100 
gm. fat, plus 30 u of insulin. The patient’s insulin was dis- 
continued and her carbohydrate intake was gradually 
aised from 195 gm. for a period of 5 days, to 345 gm. for 
7 days, to 495 gm. for 7 days, and finally to 605 gm. for 
:4 days. At the conclusion of the study, the carbohydrate 
intake was decreased to the initial level of 195 gm. for a 
oeriod of 8 days. 


Figure 4 illustrates the response of this patient 
to this regime. It will be noted that the cessation of 
insulin administration, while the patient was taking 
195 gm. of carbohydrate, produced a rapid rise in ace- 
one body excretion which reached a peak of almost 
6 gm. during the third day. Increasing the carbohy- 
drate intake to 345 gm. caused a fluctuation in ace- 
tonuria between 2 and 4 gm. per day. When the car- 
bohydrate intake was increased to 495 gm. the ace- 
tonuria began to decline rapidly, and during the en- 
tire period of two weeks that the patient was receiv 
ing 605 gm. the urinary acetone body content did not 
rise above 1.5 gm. per day. When the carbohydrate 
intake was decreased to the initial level of 195 gm., the 
acetone body excretion rose to as high as 5 gm. per 
day. 

In the study of this patient there was found a re- 
markable correlation between carbohydrate intake 
and retention on the one hand, and ketone excretion 
on the other. The coefficient of correlation between 
ketone excretion and total carbohydrate intake is 
—o.829 (PE= +0.056), that between ketone excre- 
tion and carbohydrate retained is —o.711 (PE= 
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+0.078), both figures indicating a very close inverse 
relationship; an increase in carbohydrate retention 
is associated with a decrease in the excretion of ace- 
tone bodies. That this relationship is not due to any 
“washing out” process by the increased urinary out- 
put following the high carbohydrate intake, is proven 
by the fact that the partial coefficients of correlations 
for the above factors with urinary output held con- 
stant, remain as high as —o0.641 and —0.§93, re- 
spectively. By this statistical procedure it is possible 
to evaluate the influence of one factor on two others 
and thus demonstrate that urinary flow plays an 
insignificant role in determining the correlation be- 
tween carbohydrate retention and acetone body ex- 
cretion. 

It will be noted further from figure 4 that the pa- 
tient’s ability to retain glucose rose as her total car- 
bohydrate intake increased. When she received 195 
gm. she retained approximately 100 gm. per day. 
When the first increase to 345 gm. occurred, the car- 
bohydrate retention still was at an average of approxi- 
mately 100 gm. per day for the period of 7 days. With 
the increased intake of 495 gm. of carbohydrate, she 
retained an average of 155 gm. per day, and with an 
intake of 605 gm. of carbohydrate retention rose to an 
average of 215 gm. per day. When the carbohydrate 
was reduced to the initial level, the retention fell to 
an average of 88 gm., which is 10 gm. less than at the 
beginning of the study. 

The fasting blood sugar level rose somewhat dur- 
ing the periods of increased carbohydrate intake, but 
in no way proportionate to the increased intake. The 
level fell about 100 mg. % when the patient was put 
back on her initial level of carbohydrate intake. 

The postprandial blood sugar was always higher 
than the fasting level. Of interest is the fact that the 
postprandial hyperglycemia was usually associated 
with a decrease in the total acetone body level of the 
blood. This may be shown by the following. 

8 a.m., blood sugar 319 mg. %, blood acetone 10.8 mg. % 

11 A.M., blood sugar 604 mg. %, blood acetone 0.5 mg. % 


4?.M., blood sugar 505 mg. %, blood acetone 0.7 mg. % 
8 a.m., blood sugar 302 mg. %, blood acetone 11.8 mg. % 


Although such an inverse relationship was not found 
every day, in no instance did a rise in the total ace- 
tone body content of the blood follow a postprandial 
hyperglycemia. 


Case 4. F.M., a colored boy, 15 years of age was in 
coma at the time of his first hospital admission two years 
before this period of study. At this latter time he was re- 
ceiving a diet consisting of 248 gm. of carbohydrate with 
70 to 80 u of insulin per day. Complete withdrawal of 
insulin from this patient resulted in a rapidly developing 
acetonemia and acetonuria with subsequent onset of signs 
and symptoms of acidosis and precoma. Therefore, at 
another time the insulin was reduced gradually to 10 u 
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per day when he had a small but definite amount of ace- 
tone in his urine. This amount of insulin was continued 
throughout the period of study. The diet was then in- 
creased in increments of 100 gm. of carbohydrate at inter- 
vals of two days until he was receiving approximately 
870 gm. of carbohydrate per day. Two days later he was 
again placed on the original diet containing 250 gm. of 
carbohydrate. During the period of high carbohydrate 
intake there was no increase in the acetonuria, but when 
the carbohydrate intake was reduced to the initial level 
an abrupt increase in acetone body excretion resulted. 
While there was a marked hyperglycemia and an increased 
glycosuria during the period of high carbohydrate feeding, 
they were not proportionate to the intake (fig. 5). It is 
noteworthy that with each increment in the carbohydrate 
intake there was an increase in the carbohydrate retained. 

Of the remainder of the patients studied, two re- 
sponded in a manner similar to cases 1 and 4, and two 
as did cases 2 and 3. In addition, we have adminis- 
tered meals containing exceedingly high amounts of 
carbohydrate to over 25 diabetic patients receiving 
an amount of insulin which ordinarily kept them 
aglycosuric, but in no instance was acetonuria noted 
despite the marked hyperglycemia and glycosuria 
which ensued. 

DISCUSSION 


The data presented above are not in agreement 
with the suggestion that an excessive intake of car- 
bohydrate is an important etiologic factor in the de- 
velopment of acidosis in the diabetic patient. In no 
instance was ketogenesis stimulated by ex- 
cessive carbohydrate intake, whereas an 
inhibition of ketogenesis was observed in 
several instances. The only factor which invar- 
iably accelerated the production of acetone bodies 
was the withdrawal of exogenous insulin, and even 
in such instances some patients showed an inhibition 
of acetone body production when put on an excessive 
carbohydrate intake. 

These observations do not imply that the adminis- 
tration of diets containing such excessive amounts of 
carbohydrate as we have employed are indicated as a 
therapeutic measure. The marked polyuria (up to six 
liters per day in one patient) and the resultant loss of 
weight which occurs in some patients in consequence 
of the excessively high intake of carbohydrate defi- 
nitely makes such a procedure impractical. Nor do the 
results of these studies imply that insulin is not essen- 
tial. On the contrary, the important role of insulin is 
emphasized by the observations that ketogenesis al- 
ways follows insulin deprivation. It is noteworthy 
that a definite minimal amount of insulin usually is 
required by each patient (cases 1 and 4). 

The fact that the higher the carbohydrate intake 
the greater was the amount retained and consequent- 
ly utilized by the subjects of this study lends empha- 
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JUVENILE DIABETIC MAINTAINED ON IO U OF INSULIN PER DAY. 


sis to the observations of Tolstoi and Weber (13) and 
is in accord with the beneficial effect of the use of 
moderately high carbohydrate diets claimed by many 
investigators. Tolstoi observed that in spite of a 
marked glycosuria, diabetic patients receiving insulin 
may be remarkably free of any and all symptoms, and 
he stressed the probability that hyperglycemia itself 
may be innocuous. Our studies indicate that the sud- 
den development of an excessive blood sugar level 
does not precipitate diabetic coma, and from that 
point of view hyperglycemia is not dangerous. In fact, 
our observations suggest that once the minimal insu- 
lin requirements are established, increasing incre- 
ments of carbohydrate intake, and hence hypergly- 
cemia, result in increasing amounts of carbohydrate 
retained by the patient for oxidation and storage with 
a consequent reduction in the production of acetone 
bodies. 

In view of the preceding it is difficult to account 
for the certainty with which many observers regard 
“carbohydrate sprees” as the factor responsible for 
the development of coma in patients who show no 
detectable evidence of infection. Hence, until all fac: 
tors which can induce diabetic ketosis are fully eluci- 
dated, clinically and experimentally, the attribution 
of coma to “carbohydrate sprees” must be regarded 
as unjustifiable. 


CONCLUSIONS 


Excessive ingestion of carbohydrate with the re 
sultant hyperglycemia and glycosuria was not re 
sponsible for the development of acetonemia anc 
acetonuria in a large number of patients suffering 
from diabetes mellitus, and hence cannot be regarded 
as an etiologic factor in the development of acidosis 
in these cases. The evidence presented indicates that 
excessive carbohydrate ingestion is not a precipitating 
cause for diabetic coma. 
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Deprivation of exogenous insulin is the most im- 
portant factor in the development of acidosis in dia- 
betic patients who require insulin. The ingestion of 
large amounts of carbohydrate in the at sence of exog- 
enous insulin does not aggravate the clinical status, 
but may even alleviate it. 

We wish to acknowledge the cooperation of Dr. Cecil Striker 
and Dr. Robert Rothenberg, who not only provided us with 
-linical material, but also assisted in the clinical care of our pa- 
tients, and of Miss Marion Peterson and Mrs. Eva Ylvisaker, 
who assumed all responsibilities for the preparation of the diets 
ised in this study. 
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DIABETES MELLITUS 


ITH THE PASSAGE OF TIME, it becomes more 

\ \ / and more apparent that insulin therapy, de- 

spite its great value in the treatment of 

diabetes mellitus, is by no means a panacea for the 

many complications seen in the course of this chronic 
disease. 

The series of diabetic deaths to be described here 
represent the total number of patients who died at the 
Jewish Hospital in the period 1930-1938 from any 
cause whatever and who showed laboratory evidence 
of diabetes mellitus, a fasting blood sugar determina- 
tion being routine at this institution. There were 155 
such deaths. In 58 cases (37.4%) autopsies were per- 
formed. 


TABLE 1. AGE AT ONSET OF DIABETES 








Age No. cases % 
Up to 20 yr. 3 2.1 
20-29 4 2.8 
30-39 13 g.1 
40-49 21 14.7 
50-59 48 33-5 
60-69 42 29.4 
70-79 10 7.0 
80 and over 2 tea 
Total 143 100.0 


There were 91 Jewish patients in this group and 
64 non-Jewish patients, a ratio of 1.42:1. About 24 
of all the Jewish patients were born in Russia, while 
28 of the non-Jews were native born. The ratio of 
Jews to non-Jews among all medical deaths at the 
same institution during the same interval was 1.47. 
It would appear that diabetes did not claim more 
than its theoretical proportion of Jews at this hospi- 
tal. This is in direct contradistinction to the figures 
generally published. Joslin, Dublin and Marks (1) 
state that Jewish male diabetic deaths totaled 14.2% 
of all male deaths in their series and the corresponding 
percentage of female deaths was 18.9%. The living 
proportion of Jews in the general population of the 
vicinity served was only 8.0%. 

In a study of deaths in New York City for 1931, 
Bolduan and Weiner (2) found diabetic deaths to be 
80% greater among Jews than non-Jews. Morrison 
(3), studying diabetic deaths in Boston, found the 
ratio to be even larger. 
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A SURVEY OF 155 DEATHS IN DIA- 
BETIC PATIENTS 


Louis ZissERMAN, M.D. 


From the Department of 
Medicine, The Jewish Hospi 
tal, Philadelphia, Pennsylvania 


In the present series, the proportion of females tc 
males was approximately 2:1 both among Jews and 
non-Jews. A similar ratio was obtained by Dublin 
and Lotka (4) and by Drolet (5). This contrasts with 
the figures of Joslin (1), Barach (6) and Holcomb (7) 
who found the ratio to be about 1.3:1. In the experi 
ence of Wilder (8), Allan (g) and Adams (10), all of 
the Mayo Clinic, the ratio was reversed, there being 
only 34 as many women as men. This was likewise 
the finding of Hekimian and Vogel (11) at the Buffalo 
General and Buffalo City Hospitals. It was also the 
experience of Joslin (1) that the number of female di- 
abetics among Jews exceeded the number of male 
diabetics in a greater degree than existed between the 
sexes in non-Jews. 

The relative frequency of the primary causes of 
death among diabetics varies markedly in the litera 
ture chiefly because of a lack of uniform method in 
classification. Thus in many instances, deaths of di- 
abetics with infection are attributed loosely to di- 
abetic coma without regard to the degree of acidosis 
present which may not be of a magnitude compatible 
with such a diagnosis. In our classification we have 
tried to ascertain the actual primary cause of death. 


TasLe 2. AGE AT DEATH 











Age No. cases % 
Up to 20 yr. 2 ie 
20-29 I 0.7 
30-39 4 2.6 
40-49 12 7-4 
50-59 46 29.8 
60-69 61 39.5 
70-79 26 16.8 
80 and over 3 1.9 
Total 155 100.0 








Average all males 63.5 yr. 
Average all females 59.2 yr. 

The most common cause of death in this series was 
gangrene of the leg, due either to infection or vascular 
occlusion or both. This condition was responsible for 
33 deaths (21.3%). It is appalling to realize that many 
of these deaths could have been avoided. This com 
plication was present in equal proportion among bot:: 
sexes and there was no variation in its incidence wit! 
regards to Jews and non-Jews. 

Warren (12) found §5 cases (18.3%) of gangrene i 
his series of 300 diabetic autopsies. In a large series of 
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cases, Joslin (13) found that 12.6% of diabetic mor- 
tality was due to gangrene of the extremities. This 
was later reduced to 10.6%. McKittrick and Root 
14) found 24.2% of diabetic deaths due to gangrene 
of the extremities while Dublin (15) noted this con- 
dition in 23% of the cases. In a series of 100 autopsies 
in diabetics by Nathanson (16), peripheral gangrene 
was noted in 21 cases. 

The second most common cause of death was myo- 
cardial degeneration with 18 cases (11.7%) followed 
hy cerebral vascular disease and bronchopneumonia, 
each responsible for 15 deaths (9.7%). Acute coro- 
nary occlusion was the primary cause of death in 8 
cases (5.2%), lobar pneumonia in 7 (4.5%), while 
diabetic coma and nephritis with terminal uremia 
were the primary factors in 6 cases each (3.9%). 

Considering only the autopsied cases, complete 
coronary occlusion of a major vessel was present as 
the cause of death or as an incidental finding in7 cases. 
This was 12.1% of all cases coming to autopsy and 
is almost the same figure (12.7%) obtained by Warren 
(12) in his series of 282 cases. 


TaBLe 3. DURATION OF DIABETES 


No. males 








No. females 
Not known on admission 1 22 
Less than 1 yr. 9 10 
Known 1-5 yr. 13 21 
6-10 yr. 7 24 
_ Over 10 yr. Ms 16 
Date of onset not noted yi 10 
Total 52 103 


Enklewitz (17) found coronary thrombosis present 
in 26 (28.3%) of 92 autopsies performed on diabetic 
patients. Blotner (18), in a study of 77 autopsies in 
diabetics, found that 10% of deaths were due to 
coronary infarction. On the other hand, Joslin (13) 
found acute coronary vessel thrombosis in 21% of 
175 autopsies on diabetics at the Deaconess Hospital. 
The wide discrepancy of figures is difficult to under- 
stand unless one assumes a difference in pathological 
definition. Although coronary atherosclerosis of a 
marked degree was frequently found in all our older 
diabetics, a diagnosis of coronary occlusion was made 
only in those cases that clinically or at post mortem 
showed evidence of occlusion of a major coronary 
vessel. It is interesting to note that there were 3 
deaths among men due to this cause and 5 deaths 
among women, remembering that the sex ratio of our 
entire diabetic series was 1:2. In a study of general 
medical deaths at this hospital (19), there were twice 
as many cases of acute coronary occlusion in men as 
in women. 

In a series of 34 diabetic deaths due to acute coro- 
nary occlusion, Levine (20) found that 14 were among 
females while a similar study in 111 non-diabetics 
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showed only 4 to be females. In Warren's series 
42% were females. 

Despite the present high index of suspicion, 34 
patients in our series were not known diabetics on 
their admission to the hospital in their final illness. 

The increasing amount of biliary tract surgery has 
made the profession very conscious of cholelithiasis. 
The incidence of gall stones at autopsy among gen- 
eral medical deaths was found in this institution to 
be 11.0%. In the present diabetic series the com- 
parable incidence was 27.6%. Warren (12) reported 
13.7% of 400 deceased non-diabetics were found to 
have gall stones. In a series of 300 diabetic autopsies 
there were 25.5% with gall stones. In a study of 58 
diabetic autopsies by Wilder (21), the incidence was 
found to be 28.0%. 


SUMMARY 


In a series of 155 deaths in diabetic patients, dur- 
ing the period 1930-1938, there was no apparent dif- 
ference between the incidence of diabetes in Jews 
and non-Jews. 

Mortality among diabetics was twice as frequent 
among females as males. 

The primary causes of death in their order of rela- 
tive frequency were: gangrene of the leg (21.3%), 
myocardial degeneration (11.7%), cerebral vascular 
disease (9.7%), bronchopneumonia (9.7%), acute 
coronary occlusion (5.2%), lobar pneumonia (4.5%), 
diabetic coma (3.9%), nephritis with uremia (3.9%). 

Cholelithiasis was found at autopsy in 27.6% of 
cases in contrast with 11.0% of general medical 
deaths. 


REFERENCES 


. Josun, E. P., L. 1. Dupin anv H. H. Marks: Am. J. M. Sc. 


IQ1: 759. 1936. 
2. Botpuan, C., anv L. Weiner: N. Eng. J. M. 208: 407. 
1933- 
3. Morrison, H.: Boston M. & Surg. J. 175: 54. 1916 
4. Dust, L. I., anv A. J. Lorxa: Twenty-five Years of Health 
Progress, Metropolitan Life Ins. Co., New York, 1937. 
5. Drotet, G. J.: J.A.M.A. 100: 733. 1933. 
6. Baracu, J. H.: quoted by 1. 
7. Hotcoms, B.: Northwest Med. 31:14. 1932. 
8. Wirper, R.: quoted by 1. 
9. ALLAN, F. N.: Proc. Staff Meet. Mayo Clinic 7: 145. 1932. 
10. Apams, S. F.: Arch. Int. Med. 37: 861. 1926. 
11. Hexrian, I., anp S. A. Voce: N.Y. State J. Med. 34: 385. 
1934. 
12. Warren, S.: Pathology of Diabetes Mellitus. Lea & Febiger, 
Philadelphia, 1930. 
13. Jostin, E. P.: Treatment of Diabetes Mellitus. Lea & Febiger, 
Philadelphia, 1937. 
14. McKirrrick, L. S., anp H. F. Roor: Diabetic Surgery. Lea & 
Febiger, Philadelphia, 1928. 
15. Dustin, L. I.: quoted by Kramer, D. W.: A. J. M. Sc. 183: 
503. 1932. 
16. Natuanson, M.H.: Am. J. M. Sc. 183: 495. 1932. 
17. ENKtewitz, M.: Am. Heart J. 9: 386. 1934. 
18. Brotner, H.: N. Eng. J. Med. 203: 709. 1930. 
19. Doang, J. C., M. S. Jacoss AND L, ZissERMAN: To be pub- 
lished. 
20. Levine, S. A.: Medicine 8: 245. 1929. 
21. Wirper, R. M.: quoted by 12. 


~ 





ADRENOCORTICAL 
SYNDROME 


NE OF THE MOST FASCINATING PROBLEMS in 
O medicine from the time of antiquity, and one 

which now approaches its final solution, has 
been that of the fat bearded woman. Her plight has 
been all the more distressing because it has struck at a 
most vulnerable spot, namely a woman’s vanity, and 
all too often has become a matter for jest despite the 
obvious seriousness of her condition. The first scien- 
tific contribution as to the underlying nature of the 
disease was furnished by Bulloch and Sequeira (1) in 
1905 when they published a series of 11 cases of 
adrenal cortical lesions in females producing mascu- 
linization. In 1910 Apert (2) introduced the word 
hirsutism, and in 1912 Gallais coined the term adreno- 
genital syndrome which has persisted in general 
usage with minor variations. 

For the next two decades, no further significant 
discoveries in the subject were revealed until 1932 
when Cushing (3) promulgated the concept that cer- 
tain of these women with virilism and obesity pre- 
sented as the responsible lesion an adenoma of the 
basophil cells of the anterior lobe of the pituitary. 
In his conclusion, he stated: “While there is every 
reason to concede, therefore, that a disorder of 
somewhat similar aspect may occur in association 
with pineal, with gonadal, or with adrenal tumors, 
the fact that the peculiar polyglandular syndrome, 
which pains have been taken herein conservatively to 
describe, may accompany a basophil adenoma in the 
absence of any apparent alteration in the adrenal cor- 
tex other than a possible secondary hyperplasia, will 
give pathologists reason in the future more carefully 
to scrutinize the anterior-pituitary for lesions of sim- 
ilar composition.’’ Crooke (4) demonstrated peculiar 
hyaline changes and vacuolization (which he stated 
were not degenerative in character) in the basophil 
cells of the anterior pituitary in 12 cases of so-called 
Cushing’s syndrome, and maintained that this was 
the primary lesion and anatomic explanation for the 
condition. Bauer (5) immediately took exception to 
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THE ADRENAL CORTEX IN _ ITS 
RELATION TO VIRILISM 


NATHAN Mintz, M.D.,! AND 
SAMUEL H. Geist, M.D. 


From the Laboratories and Gy- 
necological Department, Mount 
Sinai Hospital, New York City 


this view, and felt that the syndrome was caused pri- 
marily by hyperfunction of the adrenal cortex pro- 
ducing secondary hyaline changes in the anterior lobe 
of the pituitary. He was supported by Schumaker 
and Firor (6) who found a diminution in the number 
of basophil cells in the pituitary in Addison’s disease 
and after adrenalectomy. The modern viewpoint was 
presented in 1935 by Oppenheimer (7) who carefully 
analyzed the literature and presented his conclusions. 


Almost every case that has been published as pituitary 
basophilism had significant changes in one or both adrenals, 
or else the adrenals were not studied at post mortem. Of 24 
cases of pituitary adenomata that presented the syndrome of 
basophilism 18 of the tumors were composed of basophilic cells, 
3 chromophobes, 1 sarcoma, 1 Erdheim tumor, and 1 of baso- 
philic preponderance. Of these 24 cases 16 showed adrenal 
hyperplasia, the adrenals were not mentioned in 3, autolyzed 
by post mortem changes in 1, and apparently normal in 4. 
There were also 6 cases of Cushing’s Syndrome that had ab- 
solutely no evidence of a basophilic tumor. In addition there 
were 24 cases of basophilic tumor of the pituitary without the 
presence of the syndrome and without adrenal hyperplasia. 


Oppenheimer felt that basophilic adenomata of the 
pituitary may occur in about two per cent of any 
number of unselected cases without producing the 
symptoms of basophilism. 

It is now recognized that a variety of pathological 
conditions may give rise to a syndrome the predomi- 
nant symptoms of which are in most cases at least 
superficially similar. These include basophil adenoma 
and carcinoma of the anterior pituitary; hyperplasia 
adenoma, and carcinoma of the adrenal cortex; ar 
rhenoblastoma of the ovary, and possibly tumors of 
the thymus and pineal. Most observers, however 
look to the adrenal cortex as the major offender, anc 
the present paper will concern itself chiefly with an 
analysis of the problem of adrenal virilism, or as it i: 
better known, the adrenocortical syndrome. 

It is necessary, naturally, to be conversant with the 
embryology of the adrenal in order to follow the vari 
ous aberrations that are possible. The cortex arises 
from the coelomic mesoderm on the Wolffian or geni 
tal ridge, and the medulla from the ectodermal tissue 
of the neural crest from which the sympathetic gan- 
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glion cells also arise. In a 6-weeks embryo the two com- 
ponents begin to grow together, the medullary cells 
penetrating the cortical bud on its medial side by a 
process of invagination. During early embryonic life 
the human adrenal exceeds the kidney in size but at 
full term is onethird as large as the kidney. Grollman 
(8) believes that the large size of the adrenal during 
fetal life is due to the presence of a relatively thick 
zone between the true cortex and medulla, known 
variously as the embryonic, boundary, fetal, juxta- 
medullary, or x-zone, but called by Grollman the 
‘androgenic zone.” The significance of this area will 
be discussed later. 

The clinical picture in large measure is determined 
by the age of the individual, and it is at once apparent 
that a more profound change may take place at early 
age, since there has been less opportunity to allow 
the establishment and fixation of permanent sex char- 
acteristics. The most advanced and complete type 
therefore is the congenital form which may arise at an 
early embryonic stage and produces a condition of 
pseudohermaphroditism in which the gonads are 
feminine but the external genitalia are outwardly 
masculine. The infant has all the appearance of a 
cryptorchid boy with a hypospadic penis. The latter 
organ is in reality an abnormally long clitoris with the 
urethral meatus just beneath it. The vaginal orifice 
may be absent and the vagina open into the uppermost 
portion of the urethra. The ovaries and uterus are 
present but remain underdeveloped. A constant find- 
ing in these cases is a tumor or hyperplasia of the 
adrenal cortex. In the prepubertal period one finds the 
obese virile type of girl with an abnormal acceleration 
of growth, hirsutism, enlarged clitoris, deep voice, 
and well advanced bone age. This state has been re- 
ferred to as macrogenitosomia praecox (9) and does 
not represent a true precocious puberty since there is 
no hyperfunction of the female gonads. The counter- 
part in boys, which is decidedly less common, is 
known usually as “infant Hercules,” and one does not 
encounter evidence of feminization. 

By far the most frequent and important type is 
that occurring in females after puberty, and one may 
encounter the syndrome in varying degrees of sever- 
ity. In addition to the classical manifestations of 
masculinization preceded or accompanied by a proc- 
ess of defeminization, there are noted sundry met- 
abolic changes the pathogenesis of which is not too 
well defined. 

To begin with, the patient may have led a per- 
fectly normal fertile existence prior to the onset of her 
malady when she becomes aware of an irregularity 
and decrease in her menstrual flow which is soon 
brought to a complete cessation. Simultaneously she 
notices a progressive obesity which most often in- 
volves her face, neck, chest, and abdomen, and usually 
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spares the distal portion of her extremities. Her face, 
because most of the fat is deposited around the angle 
of the jaw and cheek bones, assumes a full moon-like 
appearance, and because the eyes appear relatively 
smaller has even been called porcine facies. It is amaz- 
ing to note the similarity of facial expression when 
one compares photographs of different patients in the 
full blown stage of this syndrome. 

A very prominent and exceedingly annoying 
symptom that very soon appears is hypertrichosis 
which characteristically occurs as a fairly dark, heavy 
growth on the chin, upper lip, and frequently, too, 
produces the “mutton-chop” type of side whisker. 
In addition there is a deposition of hair around the 
areolae of the breasts, on the abdomen, and to a lesser 
extent on the extremities. The female type of escut- 
cheon usually becomes altered and may or may not 
approach the male form. Curiously enough, despite 
the almost universal outcropping of hair there is a 
partial alopecia which is most often noted in the fron- 
tal area of the scalp. The breasts almost always be- 
come atrophic but this is usually concealed by the 
obesity which supervenes and imparts to them a 
pendulous appearance. If the condition has begun 
early enough the body may even approach a male 
type of configuration. As is to be expected the voice 
becomes husky and deep, and the clitoris enlarges, but 
no significant changes occur in the internal genitalia 
that can be determined by palpation. 

It is of great interest to note the changes in per- 
sonality that occur in these individuals during the 
incipiency and progress of the disease. If an infant is 
born a pseudo-hermaphrodite, despite the presence of 
female gonads, the child is almost always reared as a 
boy and will adopt the psychological outlook of one. 
There are a number of cases on record where pseudo- 
hermaphrodites were operated on during their teens 
or early adult life and the true nature of their sex 
established. In these instances it is always deemed 
advisable not to disturb the status quo since the 
mental readjustment required would create untold 
inner conflict and unhappiness. On the other hand 
when the condition appears after puberty an entirely 
different situation is created, and we find the instance 
of a previously well balanced fe-rale progressively 
assuming the external accoutrements of a male. There 
is all too often an agonizing period of distress and 
emotional disturbance, and whereas she becomes su- 
perficially a man, and may even adopt, unconsciously, 
certain masculine mannerisms, still there is a strong 
sense of shame and despair, and as a rule the hetero- 
sexual libido is diminished. 

Finally there is the set of symptoms which are not 
directly due to the masculinizing process but are un- 
doubtedly produced by a secondary disturbance in 
the metabolism of the other glands of internal secre- 
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tion. One almost always encounters hypertension of 
moderate degree, acne, a florid complexion and acro- 
cyanosis due to polycythemia, and bluish-purple 
striae atrophicae on the lower half of the abdomen 
which were once thought to be pathognomonic of 
pituitary basophilism. 

The x-ray investigation usually uncovers the fol- 
lowing information. The sella turcica is of normal size 
and shape, but the cranial vault, and for that matter 
the entire spine, show osteoporosis which in many 
instances is responsible for a moderately severe ky- 
phosis. Intravenous pyelography may be of value in 
the preliminary identification of the site of an upper 
abdominal mass. If the tumor is large enough it will 
cause a downward displacement of the kidney and 
possibly a calyceal distortion. In our experience the 
latter has not been observed. Of greater diagnostic 
significance is the use of perirenal pneumoradiog- 
raphy popularized in this country by Cahill (10). 
This procedure, as employed at Mount Sinai Hospital 
consists simply of the introduction of 500 to 7§0 cc. 
of carbon dioxide into the perirenal space just inside 
the fascia of Gerota near the upper pole of the kidney. 
The air infiltrates around the kidney and adjacent 
adrenal gland, and serves to delineate the margins of 
the latter with remarkable clarity on the x-ray film. 
There is practically no danger and it is of especial 
value in suspected cases of hyperplasia when no mass 
can be palpated. 

The blood electrolyte findings are of some interest. 
It will be remembered that in Addison’s disease, 
among other changes, there is a decrease in the plasma 
sodium and bicarbonate with an increase in potas- 
sium, and also a lowered blood sugar. In the adreno- 
cortical syndrome McQuarrie (11) has noted a high 
plasma sodium and bicarbonate together with a low 
potassium, and usually an elevated blood sugar. This 
has been confirmed (12) but our investigations, with 
the exception of demonstrating a uniformly dimin- 
ished sugar tolerance, have produced no significant 
findings in the electrolyte studies. There has been a 
fairly normal blood calcium and a very slightly in- 
creased phosphatase, but certainly not enough to 
warrant an explanation for the osteoporosis. The 
basal metabolic rate has shown no constant or sig- 
nificant variation. 

The combination of diabetes and hypertrichosis 
was interpreted by Achard and Thiers (13) in 1921 
as indicating a special syndrome, “diabetes of bearded 
women’ (diabete des femmes A barbe), but that has 
long since been disregarded as a separate entity and 
is considered simply a variation of the main syndrome. 

It is necessary now to consider the endocrine as- 
pect of the problem, one which is of the utmost in- 
terest and importance, ¢hough still largely controver- 
sial. It is apparent at the outset that in order to 
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integrate the multitude of symptoms that are a part 
of the syndrome one must postulate an underlying 
hormonal mechanism. Keeping in mind the close ana- 
tomical relationship between the adrenal cortex and 
gonad during embryonic life, and further that the 
ovary may be considered hermaphroditic in its origin, 
it was not unnatural to advance the theory that the 
symptom complex was produced by the secretion of a 
male sex hormone from the adrenal cortex. A marked 
impetus was given to this hypothesis in 1936 by 
Reichstein (14) who isolated from the adrenal cortex 
a steroid known as adrenosterone, similar to and 
about one-fifth as potent as androsterone, one of the 
male testicular hormones. Not long after that Cal- 
low (15) isolated an androgenic hormone from the 
urine of a patient with a virilizing adrenal tumor, and 
it seemed as if the problem were on the threshold of 
its solution. The careful work of Koch (16) demon- 
strated beyond any question that normal women ex- 
crete an appreciable quantity of male sex hormone, or 
rather comb growth stimulating hormone, in the 
urine indistinguishable both chemically and_bio- 
logically from that found in male urine. A number of 
other workers, using varying technics, have arrived 
at slightly different figures, but in the main it is now 
well established that there is no great difference 
quantitatively, and certainly not qualitatively, be- 
tween the androgenic excretion of normal men and 
women. 

Simpson, de Fremery, and Macbeth (17) collected 
a series of 7 cases of adrenocortical syndrome, and in 
4 of these found an excessive excretion of comb 
growth stimulating substance. Cahill (18) had 12 
cases, 9 of which showed a normal value, 2 moder- 
ately increased, and one greatly increased. Kenyon 
(19) in a series of 16 cases of virilism reported normal 
androgen figures in 15, but in one case of carcinoma 
of the adrenal cortex found it to be present in great 
excess. The general impression seems to be that car- 
cinomata of the adrenal cortex are more likely to pro 
duce an increased androgen excretion, but there is by 
no means a universal acceptance of this theory in al! 
cases. It has been reasoned by some that perhaps a 
disturbance of the normal ratio between the excre- 
tion of androgens and estrogens in favor of the former 
might be responsible, but this has found no substanti- 
ation. As a matter of fact Frank (20) has reported the 
curious finding that in 4 cases of carcinoma of the 
adrenal cortex with the adrenocortical syndrome 
there has been found a tremendously increased ex 
cretion of female sex hormone, which could not be 
demonstrated in cases of adenoma or simple hyper- 
plasia of the cortex. He offers no explanation for this 
phenomenon which seems to negate the theory ot 
androgenic hormone preponderance. However, Ken- 
yon (19) has been unable to confirm these findings, 
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and so far the work has not found general acceptance. 

Of even greater significance, if it can be corrob- 
orated, is the report of Butler and Marrian (21) who 
claim to have isolated a new steroid from the urine 
of two patients with adrenal cortical carcinomata 
which they say is specific for virilism of adrenal ori- 
xin. They call this compound pregnane, 3-17-20, triol 
which is related to pregnandiol and in turn related 
‘o progesterone. This substance has never been dem- 
mstrated in any other urine, male or female, and is 
reduced to a faint trace in postoperative specimens. 
It is necessary to await further reports before any 
opinion as to its accuracy or value can be offered. In 
passing it should be mentioned that no completely 
satisfactory method has been devised for the quantita- 
tive determination of androgen excretion in the urine. 
Thus far the comb growth method of the capon has 
been the most accurate, but at best it is laborious and 
time consuming, and different figures will be obtained 
depending on the duration of hydrolysis. The Oest- 
ing colorimetric method, which is based on the Zim- 
merman reaction, still leaves much to be desired 
chiefly because of the extraneous color values that 
may be present. 

The pathology of adrenocortical lesions is usually 
restricted to adenoma, carcinoma, or benign hyper- 
plasia. The adenomata vary considerably in size and 
may become a large, easily palpable tumor. They are 
encapsulated, bright yellow, usually firm, and micro- 
scopically show an arrangement of cells in cords and 
bundles, with a tendency to lipoid degeneration, a 
marked capillary network, and pigment deposit. The 
carcinomata are likewise yellowish growths which 
vary in consistency, and may be solid in part with 
cystic areas which develop in the wake of hemor- 
rhage and necrosis. They are at first definitely en- 
capsulated and later break through to invade the 
surrounding tissues. They extend very commonly 
into the adrenal and renal veins, and metastases are 
usually noted in the lungs and liver. Microscopically 
they resemble the zona reticularis but Cahill (22) be- 
lieves that if there are no endocrine symptoms they 
are more likely to resemble the zona fasciculata. A 
fairly constant feature is atrophy of the opposite ad- 
renal. In cases of hyperplasia there is nothing to be 
discerned grossly except a uniform enlargement of the 
cortex. 

Broster and Vines (23) working at the Charing 
Cross Hospital in London, collected a series of cases 
of the adrenocortical syndrome some of which were 
due apparently only to hyperplasia of the cortex, 
and . ‘~ of which showed no grossly recognizable 
char. e. They were impressed by the fact that a cer- 
tain percentage of adrenal cortical tumors produced 
absolutely no endocrine stigmata. They postulated 
that there must be some special peculiarity of the cor- 
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tical cells in cases of virilism involving the production 
or overproduction of a specific secretion able to pro- 
duce masculinizing changes, and they sought a micro- 
histological method to demonstrate it. In view of the 
close embryological relationship of adrenal cortex to 
gonad they studied the adrenals of 60 fetuses with the 
hope that some causal mechanism might be discovered 
in the embryo. After experimenting with various 
stains they found that a certain area in the fetal ad- 
renal cortex next to the medulla had a strong affinity 
for Ponceau fuchsin, and the cytoplasm of these cells 
stained as bright red granules. However, this was a 
transitory phenomenon and differed in the two sexes. 
In the male fetus a strong Ponceau fuchsin reaction 
was present in the cortical zone beginning the 1oth 
week, with maximum intensity from the 12th to 
18th weeks. In the female fetus a similar reaction be- 
gan the 11th week, but the period of maximum inten- 
sity was very brief, usually in the 14th week, and 
then very rapidly declined. In both sexes the above 
described zone disappeared by the 20th week of 
intra-uterine life. It seemed therefore that the female 
fetus passed through a brief “male phase.” Pursuing 
this thought further, namely that this zone was pre- 
dominantly masculine in character, they reasoned 
that it was wholly possible for the syndrome to be 
caused either by a persistence or reactivation of the 
fetal or x-zone. A tumor of the adrenal cortex or even 
hyperplasia would be virilizing in its character only 
if it came from this co-called androgenic zone which 
was normally an atrophic remnant in postnatal life. 

Broster and Vines presented 18 cases of adrenal 
cortical hyperplasia, 15 of which had had a unilateral 
adrenalectomy, and all the sectioned adrenals showed 
the fuchsinophil reaction, the intensity of the stain 
being proportionate to the severity of the syndrome. 
They were not able to demonstrate these granules in 
normal adrenals or in adrenal tumors unassociated 
with the syndrome. Their work was substantiated 
by others (24-27). Cahill, however, found these 
granules to be present in varying amounts in normal 
adrenals as well as in the pathological ones, and our 
experience also has been unable to confirm their work 
in its entirety. Since their original monograph was 
published Broster and Vines also demonstrated the 
fuchsinophil granules in the acidophilic cells of the 
anterior pituitary, and sometimes in the interstitial 
cells of the testis and peripheral cells of young cor- 
pora lutea. Uotila (28) also found them in sympa- 
thetic ganglion cells, in the smooth muscle of the wall 
of the arteries, and in many other cells. He concluded, 
“In spite of the fact that fuchsinophilia in the human 
adrenal cortex is associated with masculinization the 
cytoplasmic constituents involved in this reaction can 
scarcely be considered as a source for any specific 
substance.” 
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Grollman likewise sought evidence in the embryo 
to explain the relationship between cortical adrenal 
tumors and masculinization, and demonstrated the 
‘androgenic zone” which appears in the early weeks 
of intra-uterine life. It consists of large angular cells 
filled with cytoplasm, but not the lipoid substance of 
the true cortex, has an extremely rich vascular sup- 
ply, grows rapidly, and during its antenatal existence 
forms the main bulk of the gland. At birth the true 
cortex has assumed its division into definitive zones, 
the androgenic zone begins to involute, and by the 
end of the first year has been almost completely re- 
placed by a connective tissue layer. Grollman admits 
that he has thus far been unable to determine the 
exact embryological origin of this area, and further 
makes no mention of any difference in the time of ap- 
pearance of the zone in the two sexes. The adreno- 
cortical syndrome, according to Grollman, is prob- 
ably caused by remnants of the androgenic zone 
which have not undergone complete degeneration and 
proceed to hypertrophy and secrete. 

In an attempt to discover some objective criterion 
to correlate cytological changes of the cells of the 
adrenal cortex with the state of physiological activity 
Flexner and Grollman (29) employed the osmic acid 
method in the rat, and found that depression of func- 
tional activity, such as that induced by the injection 
of cortical hormone, is represented by a decrease in 
the ability of the cortical cells to reduce osmic acid, 
and stimulation of activity was indicated by an in- 
creased ability to reduce osmic acid. These results so 
far have not been applied to human adrenals. 

The differential diagnosis among the various causes 
of virilism in the female is still in a rather confused 
state. Admittedly there may be more than one type 
of lesion producing a similar picture, and it is not un- 
known to encounter two pathological entities in the 
same patient, particularly a combination of adrenal 
and pituitary lesions. If it is difficult, therefore, to 
decide at post mortem which was the primary lesion, 
it is many times more so clinically, keeping in mind 
that there may be innumerable gradations and varia- 
tions from the classical picture. 

There is a rare type of ovarian tumor known as 
arrhenoblastoma which may produce a clinical ap- 
pearance indistinguishable from that caused by ad- 
renal virilism, but is usually not associated with hy- 
pertension, hyperglycemia, osteoporosis, and poly- 
cythemia. It has been maintained by some that the 
patterns of obesity and hypertrichosis seen with ar- 
rhenoblastoma are characteristic for that lesion, but 
it is more of theoretical than practical significance. 
If bimanual pelvic examination shows no evidence of 
ovarian enlargement, then occasionally a pneumoperi- 
toneum via tubal insufflation will outline a small 
ovarian tumor. And if doubt still exists as to the pres- 
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ence of this neoplasm, then laparotomy, or possibly 
posterior colpotomy, must be performed as a conclu- 
sive procedure. Of passing interest only is the report 
in the literature (7) of 3 cases of virilism in which 
there was both adrenal hyperplasia and thymic tu- 
mor. Pineal tumors, which produce a true pubertas 
praecox, occur only in young boys and give evidence 
of an expanding intracranial lesion. 

If the adrenal is clearly implicated by virtue of the 
presence of an easily demonstrable neoplasm then uni- 
lateral.adrenalectomy is the procedure of choice. Un- 
fortunately, because the opposite adrenal is usually 
atrophic, the danger of an acute postoperative Addi- 
sonian crisis is a real one, and should be forestalled 
by the preoperative and postoperative administration 
of cortical hormone. On the other hand if a patient 
presents a fairly typical syndrome of virilism, and 
roentgenological and hormone investigations have 
failed to localize the lesion either to the pituitary or 
the adrenal, then on clinical grounds alone it is almost 
impossible to distinguish between so-called Cushing's 
disease and the adrenocortical syndrome. There are 
some who would advocate a trial of x-ray therapy 
directed against the pituitary, and if that should 
prove of no value then a bilateral adrenal exploration 
is indicated. There are a few, led by Hugh Young, 
who practice simultaneous exposure of both glands 
and decide at once which adrenal to resect. However, 
that is considered too daring by most surgeons, the 
general rule being to expose the right adrenal first, 
and if that should prove grossly negative, then after 
a suitable period of convalescence to expose and re- 





Fig. 1. Prorite or case 1. Note the marked 
facial hirsutism and acne. 
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sect the left gland. If it is a matter of choice it is con- 
sidered advisable to resect the left gland because of 
the short venous pedicle on the right side. 

The results that one may expect will depend in 
large measure on the age of the patient, the type and 





Fig. 2. Fut view or case 1. Note the generalized 
hirsutism and male type of escutcheon. 


duration of the lesion, and the associated findings. 
Cahill is of the opinion that the prognosis is better in 
younger patients with symptoms of relatively short 
duration and of the androgenic variety. Naturally 
hypertension of long standing is an important factor 
in considering the immediate postoperative mor- 
tality. A complete cure is quite rare because certain 
of the changes, particularly the hypertrichosis and 
clitoris enlargement, are somewhat recalcitrant. True, 
the hair may become softer, lighter, and fall out more 
easily, but will not entirely disappear. The amenor- 
thea may be replaced by relatively normal menses, 
and Broster and Vines have reported one case of 
gravidity occurring after adrenalectomy for adreno- 
cortical tumor. The acne and voice changes are more 
amenable and eventually become entirely normal. The 
hypertension is usually but not always reduced, and 
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the other metabolic changes return to the normal 
state after varying intervals. 


CASE REPORTS 


Case 1. E.I., a 19-year-old married female was admitted 
to Mount Sinai Hospital April 3, 1940 with an 11-months 
history of amenorrhea, deepening of the voice, obesity, 
hirsutism and acne. For the past 5 months she noticed a 
pain in the left loin radiating to the left thigh associated 
with frequency, urgency, dysuria, hematuria and low 
grade fever. She noticed no headaches or change in libido. 
Physical examination revealed an obese young female with 
a moon-like face, a fat pad over the upper dorsal spine, 
broadening of the hips, and slim graceful extremities. 
There was considerable hypertrichosis of the face, arms 
and chest. The breasts were feminine in character. The 
lungs were normal, but the heart was enlarged slightly 
to the left, with normal sounds. Blood pressure was 
130/80. The abdomen was moderately distended and 
there was an irregular, tender mass in the region of the 
left loin. Pelvic examination revealed a male type of 
escutcheon, a clitoris twice the normal size and a hypo- 
plastic uterus. There was considerable acne of the face and 
chest (fig. 1, 2). 

The hemoglobin was 115%, the red blood cells num- 
bered 6,700,000 per cu. mm. and the white blood cells 
17,000 with a normal differential count. Urine showed a 
few red blood cells on microscopic examination. The 
B.M.R. was +16 on one occasion and —4 about a week 
later. The blood chemistry findings were essentially nor- 
mal and there was no evidence of diminished sugar toler- 
ance. Blood Wassermann test result was negative. X-ray 
of the sella turcica, skull and spine showed no abnormati- 
ties. Intravenous pyelogram showed a soft tissue mass 
above the left kidney pushing it downwards; the calyces 
were incompletely filled. Perirenal insufflation was not 
deemed necessary to help establish the diagnosis. The 
findings of the hormone studies are not available to us at 
the present time. 

A diagnosis of left cortical adrenal tumor was made on 
admission and on April 16, 1940 the left adrenal was ex- 
posed. It was found to consist of a tumor mass the size of 
a grapefruit adherent to the pleura and peritoneum, and 
involving also the left renal vein. Accordingly both the 
left adrenal and kidney were removed. The pathological 
report was “cortical carcinoma of the adrenal; adrenal 
and renal veins involved by tumor; kidney negative.” The 
Broster and Vines stain revealed a fairly strong fuchsino- 
philia (3 +). The patient was discharged in good condition 
and when seen 3 months after operation had begun to 
menstruate, and noted an improvement in the hypertri- 
chosis and voice. The blood pressure was 130/90. 

Case 2. A.R., a 37-year-old married female was ad- 
mitted to Mount Sinai Hospital Oct. 7, 1939 with a seven- 
teen months history of amenorrhea, acne, headaches and 
loss of libido. For the past 15 months she noticed marked 
hypertrichosis and a gain of 30 lb. in weight. During the 
last 5 months she noted a deepening of the voice, dyspnea, 
orthopnea, and palpitations, and was told of an existing 
hypertension. For the past 3 months there has been a pro- 
gressive loss of hair on the head and in the last 2 months 
a marked weakness, tremor, and slight darkening of the 
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skin. Physical examination revealed a well developed, 
obese female with a ruddy complexion. The obesity was 
limited to the face, neck, trunk and proximal portions of 
the extremities. The face was round and moon-like. There 
were a few coarse rales at the bases of both lungs, and a 
scratchy systolic murmur over the apex of the heart. The 
blood pressure was 208/140. There were no abdominal 
masses palpable. The skin was flushed, warm, and sweaty 
and presented a diffuse acneiform eruption. There were 
ecchymoses of the antecubital space, sides of the abdomen 
and thighs associated with striae atrophicae on the lower 
abdomen. The scalp hair was sparse, coarse and dry. There 
was a moderate hypertrichosis of the face, chest, extremi- 
ties and abdomen. The pubic hair showed a tendency 
toward a male escutcheon. There was a considerable 
enlargement of the clitoris, cyanotic vulva, small uterus, 
and an enlarged right ovary (fig. 3). 

The diagnosis on admission rested between adrenal 
cortical tumor and arrhenoblastoma, but subsequent in- 
vestigations proved this to be a case of carcinoma of the 
adrenal cortex. The hemoglobin was 95%, the red blood 
cells averaged 5,500,000 per cu. mm., and the white blood 
cells 11,200 with 89% polymorphonuclear leucocytes, 
8% lymphocytes, and 3% monocytes. The platelets aver- 
aged 260,000 per cu. mm. Blood Wassermann test result 
was negative. The urinary specific gravity was fixed at 
1,014 but otherwise showed no abnormalities. There was 
evidence of a markedly diminished sugar tolerance and 
glycosuria but no other significant blood chemistry find- 
ings. The B.M.R. on admission was +48 but was never 





Fig. 3. Case 2. Note the hirsutism, acne and oiliness of the skin 
and the thinning of the scalp hair. 
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repeated. The visual fields were normal. X-ray of the skull 
showed a normal sella turcica outline but there was a 
moderate decalcification and mottling of the calvarivm. 
Intravenous pyelogram showed a downward displacement 
and rotation of the right kidney by a mass just above the 
renal shadow. There was no calyceal distortion. X-ray of 
the lungs showed evidence of a metastatic malignancy. 
Perirenal insufflation was not carried out because the 
diagnosis was sufficiently clear without its aid. It was 
subsequently learned that estrogen determinations had 
been made; the first test result was negative and two later 
test results were positive. 

The lesion was obviously inoperable and despite a 
series of x-ray treatments to the region of the adrenal the 
patient showed progressive deterioration with signs of 
extensive pulmonary involvement and died four weeks 
after admission. 

Postmortem examination revealed a cortical carcinoma 
of the right adrenal (fig. 4a, 4b) with metastases to the 
liver and lungs. There was also atrophy of the left adrenal, 
a diffuse osteoporosis, an atrophic cystic endometrium, 
and a small dermoid cyst of the right ovary. Ponceau 
fuchsin stain of the involved adrenal showed a 3 + reac- 
tion with a negative reaction in the atrophic gland. Ex- 
amination of the pituitary was not permitted. 

Case 3. The patient, M.B., was a 37-year-old married 
female who entered Mount Sinai Hospital Oct. 20, 1934 
because of a 16 months history of amenorrhea and a 1-year 
history of a dragging pain in the left upper quadrant asso- 
ciated with the presence of a mass. She lost 13 lb. during 
the year and complained of frequent frontal headaches. 
There was no mention of any symptoms of masculiniza- 
tion. Physical examination revealed a well nourished fe- 
male who did not appear acutely or chronically ill. There 
was a small non-toxic thyroid adenoma; the heart and 
lungs were clear. The blood pressure was 140/86. Occupy- 
ing the entire left upper quadrant was a large, firm, smooth 
palpable mass which was thought to be spleen. Pelvic 
examination showed no abnormalities. The blood count 
showed a hemoglobin of 74%, red blood cell count of 
3,900,000 per cu. mm. and white blood cell count of 
5,200 per cu. mm. The platelets numbered 200,000 per 
cu. mm. The urine was normal except for occasional white 
blood cells. The blood Wassermann test result was nega’ 
tive and the B.M.R. was +5. X-ray of the chest was nor- 
mal and intravenous pyelogram showed no evidence of 
any kidney tumor or tumor distorting the outline of the 
kidney; (this seems strange in view of the subsequent 
findings). Endometrial biopsy was not made. 

Exploratory laparotomy was carried out with a preop- 
erative diagnosis of splenomegaly. A large tumor of the 
left adrenal was removed weighing 1,460gm. The patho- 
logical report was “‘carcinoma of adrenal of cortical ori- 
gin.” Fuchsinophil reaction was only 1 +. The postopera- 
tive course was entirely uneventful and the patient was 
discharged two weeks postoperatively. 

About 23 months later the patient became pregnant, 
although she had never used contraceptives preopera- 
tively, and it was deemed advisable to terminate the preg: 
nancy. About 24 years later she noted the return of her 
normal menses and this has continued to the present time. 

Case 4. (Private patient of Dr. A. O. Wilensky). The 
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Fig. 4a. Low POWER VIEW OF THE CARCINOMA OF THE ADRENAL IN case 2. Note the absence of the normal adrenal architecture. Fig. 4b. 
HIGH POWER VIEW OF FIGURE 4a. Note the marked irregularity of the cells and hyperchromatic nuclei with scattered areas of hemor- 
rhage. Figure 5a. Low POWER VIEW OF RESECTED ADRENAL OF case 5. Note the gross similarity to the zona reticularis and the presence 


of lipoid deposits. Fig. 5b. HicH PoweER view OF Ficure §a. 


patient, A.S., was a 42-year-old married female who was 
admitted to Mount Sinai Hospital Nov. 25, 1929 because 
of a 7 months history of amenorrhea and a 4 months his- 
tory of vomiting and pain in the left upper quadrant. 
Physical examination revealed in the left upper quadrant 
a large mass which was slightly mobile and apparently 
retroperitoneal. The blood pressure was 144/98. There 
was no mention made of hirsutism or other evidence of 
masculinization. The urine showed a few white and red 
blood cells microscopically, and retrograde pyelogram 
showed a large mass in the left upper quadrant depressing 
the upper calyces of the left kidney downward. There was 
no hormonal investigation at that time. A left adrenalec- 
tomy was performed by Dr. Wilensky (the kidney was 
removed at the same time because of its marked adherence 
to the adrenal) and the pathological report was “carcinoma 
of the adrenal.”” The patient made an uneventful recovery 
and was discharged 2 weeks after operation. The patient 
never appeared for follow-up examination. 

Case 5. The patient, V.B., was a 30-year-old unmarried 
female who was admitted to Mount Sinai Hospital Jan. 
30, 1939 with a 7 months history of amenorrhea, 4 months 
history of low back pain and urinary frequency and a 3 
months history of weakness and numbness of both legs. 
She had also noticed a growth of hair on her face for many 
months with a recent increase in rate of growth. During 
the last 2 months she complained of loss of weight despite 
the deposits of fat on her face and trunk. Physical examina- 


tion revealed a plethoric, round faced, ruddy complexioned 
female with a localized obesity of the face, neck, chest 
and abdomen. The heart and lungs were essentially nor- 
mal; the blood pressure was 170/120. The abdomen was 
normal except for ecchymotic areas and a few small striae 
over the lower portion. There was a moderate hypertri- 
chosis of the face and back with slight acne. Pelvic exami- 
nation showed a female escutcheon, a clitoris of normal 
proportion, and normal internal genitalia. 

The hemoglobin was 100%, blood Wassermann test 
result was negative and urine normal. The blood chemis- 
try was normal except for a moderately diminished sugar 
tolerance with associated glycosuria. The bleeding and 
clotting time were normal. The B.M.R. was —25, and 
repeated a week later was again —25. The visual fields 
were normal. Hormone investigation yielded negative 
results for estrogenic and gonadotropic hormone excretion 
in the urine. X-rays of the skull showed a normal sella 
turcica outline with mottled areas of decalcification of the 
frontal bone. The lumbo-sacral spine showed areas of de- 
calcification and compression. Intravenous pyelogram was 
negative but perirenal insufflation showed a plum-sized 
shadow in the left adrenal region. 

Operation was performed March 3, 1939 and the left 
adrenal removed. It was entirely replaced by a tumor 
which was reported as “cortical adenoma” (fig. 5a, 5b). 
The patient received cortical hormone postoperatively 
but died in 21 days of an intercurrent bronchopneumonia. 
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Postmortem examination revealed an atrophic right 
adrenal and fibrosis of both ovaries. Ponceau fuchsin stain 
of the tumor showed an equivocal fuchsinophil reaction 
and a negative stain for the atrophic adrenal. The pitui- 
tary showed no adenoma of the basophil cells but no men- 
tion was made of any hyalinization or vacuolization. 

A restudy of the serial sections of case 5 was made and 
the following is the report given by Dr. J. H. Globus, 
neuropathologist of the Mount Sinai Hospital: 

“Examination of the serial sections of the pituitary 
gland showed a moderate increase in eosinophiles in some 
sections, a normal proportion of basophiles to eosinophiles 
in other sections, and in an occasional section, a slight 
preponderance of basophiles. There are scattered areas of 
intracellular vacuolization in the basophiles but no real 
hyalinization.” 

Case 6. The patient, J.F., was a 51-year-old married 
female who was admitted to Mount Sinai Hospital Jan. 
29, 1940. For the past 11 years she had been aware of 
diabetes mellitus, hypertrichosis and girdle obesity which 
had not progressed significantly up to the present. Six 
months before admission her menses ceased but the 
amenorrhea was not associated with a menopausal syn- 
drome. Physical examination revealed a slightly plethoric, 
moderately thin female, with a full round face. The fundi 
showed evidence of a hypertensive retinitis, there were 
moist rales at both bases, and the heart was enlarged to 
the left. The blood pressure was 240/100. The abdomen 
was obese but there were no purplish striae. There was 
a moderate growth of hair on the upper lip and chin, and 
acne over the posterior chest. The escutcheon was femi- 
nine in contour but the clitoris was slightly enlarged. 

The hemoglobin was 98%, the urine showed a trace of 
albumen, the blood Wassermann test result was negative, 
and the B.M.R. was +2. The blood chemistry showed 
essentially normal values except for a diabetic curve of 
sugar tolerance. Hormone investigation revealed a nega- 
tive estrin test in the urine. An intravenous pyelogram 
was normal but a perirenal insufflation showed an enlarge- 
ment of the left adrenal, possibly due to tumor. 

The patient was discharged without operation because 
of lack of sufficient symptoms. The hypertension had fallen 
with bed rest to 170/90, the renal function was intact, and 
the diabetes easily controlled. She was readmitted within 
a month in a severe attack of left ventricular failure with 
a blood pressure of 280/110. It was felt that the adrenal 
process might be responsible for the entire picture and 
accordingly a left adrenalectomy was performed. The 
adrenal was enlarged to the size of an English walnut and 
presented an extensive intra-adrenal hemorrhage with no 
organizing process found. There was severe arteriosclero- 
sis with marked hyalinization but absolutely no evidence 
of tumor. The patient did poorly and died on the tenth 
postoperative day with an intercurrent parotitis and a 
blood urea of 78 mg. %. Postmortem examination revealed 
a subacute glomerulonephritis and cardiac failure. The 
opposite adrenal showed no abnormal changes. The 
Ponceau fuchsin stain showed a 3 + fuchsinophil reac- 
tion in the resected gland and a 1 + in the normal gland. 

Case 7. The patient, S.S., was a 30-year-old married 
female who entered Mount Sinai Hospital Nov. 6, 1937 
with an 8 years history of amenorrhea, 3 years of obesity, 
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and 6 months of hirsutism, acne, and obesity. Physical 
examination revealed a plethoric, well developed female 
with so-called buffalo facies, hirsutism of the chin, upper 
lip, and cheeks, obesity limited to the face, neck, chest and 
abdomen; heart and lungs were normal; the blood pressure 
was 174/118. Pelvic examination revealed a female escutch- 
eon with a hypoplastic cervix and uterus; the clitoris 
showed a questionable enlargement. 

The hemoglobin was 93% and the red blood cell count 
was 4,870,000 per cu. mm. The urine was normal. There 
was a positive tourniquet test result. The B.M.R. was 
—10. The blood Wassermann test result was negative. 
The blood chemistry findings were normal except for a 
diminished sugar tolerance and associated glycosuria. Re 
sults of intravenous pyelogram and perirenal insufflation 
were negative. X-ray of the skull showed a decalcification 
of the floor of the sella turcica with slight decalcification 
of the rest of the skull. The remainder of the osseous sys 
tem was normal. The visual fields were normal. Estrin 
test result of the urine was normal. 

The patient received a series of x-ray treatments to 
the region of the pituitary and in a few weeks there was 
a moderate improvement in the hirsutism, loss of weight 
and a lowered blood pressure (120/90). The amenorrhea, 
however, has persisted to the present. 


ADDENDUM 


In addition to the above protocols, B. S. Oppenheimer reported 
3 cases from the Mount Sinai Hospital, in which the diagnosis on 
admission was thought to be the so-called Cushing’s Syndrome. 
One of these had a carcinoma of the adrenal removed at operation. 
The patient died but permission to examine the brain was not 
granted. The second case died without operation and likewise 
had a carcinoma of the adrenal. In addition, it is interesting to 
note that the anterior lobe of the pituitary had a reduction in 
the number of basophil cells but did have areas of hyalinization. 
The third case closely resembled the first case clinically but had 
an adenoma of the adrenal cortex removed at operation. The pa- 
tient died of acute adrenal insufficiency, but unfortunately the 
pituitary gland could not be obtained. 

These 3 cases are herewith presented in abstract form from the 
article of Dr. B. S. Oppenheimer (30). 

Case 8. M. R., a 34-year-old single white female was admitted 
to Mount Sinai Hospital Dec. 5, 1936. For many years her 
periods were grossly irregular, but 114 years before admission 
they ceased, with the exception of two scanty periods 8 months 
and 3 months before admission. One year before admission her 
face became “puffy,” and 8 months before admission she noticed 
the growth of hair on her upper lip, the thinning of hair on her 
head, hot flushes, ecchymoses and acne. There was no mention 
of change in libido. Physical examination revealed a well de- 
veloped female, slightly obese. The face was flushed, full, and 
round with prominent eyes and cheeks. The neck was short and 
fat but the thyroid was not palpable. The lungs were normal 
but the heart was enlarged to the left and had a systolic blow at 
the apex. The blood pressure was 190/110. There were no ab- 
dominal masses nor striae but there were numerous ecchymotic 
areas. Pelvic examination showed a female type of escutcheon but 
with a very sparse hair growth. The clitoris was of normal size 
and the introitus virginal. On rectal examination the uterus was 
very small and the adnexae were not palpable. 

The blood count showed a hemoglobin of 70%, red blood cells 
3.4 million and white blood cells 8,500 per cu. mm. The platelets 
numbered 310,000 per cu. mm. and the bleeding, clotting and 
tourniquet test results were negative. The urine was essentially 
normal. The blood chemistry findings were essentially norma! 
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except for a somewhat diminished sugar tolerance with associated 
glycosuria. The B.M.R. on admission was +26 and repeated 10 
days later was —4. X-rays of the skull, sella turcica, spine and 
long bones were negative. Intravenous pyelography results were 
also normal but a retrograde pyelogram showed a small irregular 
filling of the superior calyx of the left kidney. A perirenal insuf- 
{lation revealed a tumor of the left adrenal. Hormone investiga- 
tions were carried out and showed a high estrogen content of the 
urine. 

On Jan. 5, 1937 an operation was performed and the left adrenal 
removed, It was completely replaced by a tumor which weighed 
70 gm. and measured 8X6 X4 cm. There were adherent nodules 
palpated under the diaphragm. The pathological report was “car- 
cinoma of adrenal cortex origin.’ One week later radium seeds 
vere inserted into the wound for a total dosage of 1,200 mg. 
,ours, and for the first few days postoperatively the patient re- 
ceived eschatin. Her immediate recovery from the operation pro- 
ceeded rather smoothly but she began to deteriorate later and 
died 2 months after operation. 

Postmortem examination revealed a localized necrosis of the 
periadrenal tissue on the left side, and an atrophic adrenal on the 
right side. The left adrenal, removed at operation, showed a 2+ 
fuchsinophil reaction. 

Case 9. S. F., a 35-year-old married female was admitted to 
Mount Sinai Hospital Oct. 19, 1932 with a 7-year history of 
amenorrhea and hirsutism, and a 1-year history of fullness about 
the face and neck. For the past 5 months before admission she 
complained of edema of the lower extremities, weak spells, pur- 
puric spots, profuse sweating, and dyspnea on exertion. Physical 
examination revealed an obese, bull-necked female, the obesity 
distributed chiefly among the abdomen, flanks, face and neck. The 
shoulders were broad but the hips narrow. The face was round 
and plethoric and the eyelids puffy. There was a very marked 
hypertrichosis of the chest, trunk, extremities and face, requiring 
daily shaving of the latter. The scalp hair was moderately thinned, 
the skin was moist, and there was a cyanotic hue over the de- 
pendent portions of the body. The lungs were normal but the 
heart was slightly enlarged to the left. The blood pressure was 
200/130. The breasts were pendulous and obese. The abdomen 
aside from the above mentioned obesity showed no masses or 
striae. The clitoris was about 4 times the normal size but the 
uterus and adnexae showed no abnormalities. The type of es- 
cutcheon was equivocal. 

The blood count showed a hemoglobin of 80%, red blood cells 
3.85 million, white blood cells 11,700 per cu. mm. with a normal 
differential count, platelets 110,000 per cu. mm. and a normal 
bleeding and clotting time. The urine was essentially normal and 
the sugar tolerance curve showed a delayed fall but no glycosuria. 
Blood Wassermann reaction was negative. Results of blood chem- 
istry studies were normal. Visual fields were normal. The B.M.R. 
was —10. X-ray of the skull showed a few areas of rarefaction 
but a normal sella turcica outline. Studies of the hormone content 
were made and revealed a tremendously increased estrogen excre- 
tion in the urine (13,000 M.vu. per liter), but normal gonadotropic 
and female sex hormone titers in the blood. The Aschheim- 
Zondek test was negative. 

The patient was discharged with a diagnosis of pituitary 
basophilism to receive a trial of x-ray therapy both to the pituitary 
and adrenal. This had no effect other than to cause a slight return 
of uterine bleeding. She was readmitted to the hospital 1 year 
later in acute left ventricular failure requiring oxygen tent and 
phlebotomy. The blood pressure now was 230/150. Laboratory 
investigations showed essentially nothing different except an 
increased amount of female sex hormone in the blood. The patient 
developed an intercurrent otitis media and facial erysipelas and 
died 1 month after her second admission. The diagnosis still 
remained as pituitary basophilism. 

Postmortem examination revealed a cortical carcinoma of the 
tight adrenal weighing 260 gm. with metastases to the liver and 
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right lung. There was marked hypoplasia of the left adrenal. The 
tumor showed a 2+ fuchsinophil reaction. The pituitary on serial 
section showed a diminution in the number of basophils and 
areas of hyalinization in the anterior lobe. 

Case 10. A. G., a 34-year-old married female, was admitted to 
Mount Sinai Hospital Dec. 28, 1936 because of a 3-year history 
of progressive obesity, nervousness, polyuria and polydipsia, 
hypertrichosis and partial alopecia. For the past 2 years she noted 
a susceptibility to purpura on the slightest trauma and was told 
of hypertension. Four months before admission she developed 
amenorrhea. There was no change in libido or personality. Physi- 
cal examination revealed a ruddy complexioned, obese female with 
a “full-emoon face.” There was a moderate degree of hirsutism 
particularly marked on the upper lip and chin. The lungs were 
clear; the heart enlarged to the left with a systolic murmur over 
the aortic area. The blood pressure was 170/108. The abdomen 
was obese with numerous purplish striae over the lower part. 
There were many scattered purpuric skin lesions. The pelvic ex- 
amination revealed a female type of escutcheon with a question- 
ably enlarged clitoris and normal internal genitalia. There was 
no mention made of any voice changes. 

The blood count showed a hemoglobin of 97%, red blood cell 
count of 5.1 million, white blood cell count of 10,000 per cu. mm. 
with a normal differential value, platelets 200,000 per cu. mm. 
The tourniquet test result was positive but the clotting and 
bleeding time were normal. The blood chemistry showed essen- 
tially normal values for urea, cholesterol, phosphorus and calcium. 
The sugar tolerance test showed a diabetic type of curve as- 
sociated with glycosuria. The blood Wassermann test result was 
negative. The B.M.R. was —11. The urine was essentially nor- 
mal. Female sex hormone studies on the urine showed normal 
values. X-rays of the osseous system showed a moderate degree 
of decalcification of the entire skeleton. The sella turcica, chest 
and intravenous pyelogram were normal. A perirenal insufflation 
showed a tumor of the right adrenal. 

On Jan. 15, 1937 both adrenals were exposed. The left one was 
exposed first and appeared to be quite atrophic. The wound was 
closed and the opposite adrenal exposed. It was enlarged to the 
size of a walnut by the presence of a tumor, but because of the 
atrophic state of the left adrenal a subtotal adrenalectomy was 
performed on the right side. The patient received eschatin post- 
operatively but died in 24 hours with the clinical picture of acute 
adrenal insufficiency. The pathological report of the tumor was 
“adenoma of the adrenal cortex’’ but Ponceau fuchsin stain of 
both the tumor and opposite adrenal showed a negative fuchsino- 
phil reaction. 


In summary we note that there were 6 cases of the 
adrenocortical syndrome caused by carcinoma of the 
adrenal cortex. The most classical of these was case 
I in which operation resulted in almost a complete 
cure. In case 3 the only evidence of defeminization 
was the amenorrhea which disappeared following the 
removal of the tumor. Of these 6 cases, 2 died without 
operation, 1 died 234 months following operation, 
and the 3 survivors showed considerable improve- 
ment. In the syndrome caused by adenoma of the 
cortex (case 5, 10) the patient succumbed following 
the operation. Case 6 is of considerable interest in as 
much as the patient had a fairly typical syndrome but 
all that could be found at autopsy was this massive 
intraadrenal hemorrhage. Two possible explanations 
suggest themselves, one, that the trauma of the peri- 
renal insufflation caused the rupture of a blood vessel 
with subsequent extravasation. This may have been 
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possible but it must be remembered that absolutely 
no evidence of any tumor was found. The other pos- 
sibility is that the hemorrhage occurred in the man- 
ner of an apoplexy, such as might be expected to 
occur in the brain. This is further corroborated by 
the vascular changes that were noted in the adrenal 
gland. It is unfortunate that opportunity to remove 
the brain was not afforded, as examination of the 
pituitary might have revealed the primary lesion. 
Case 7, although not supported by pathological evi- 
dence, is one in which the syndrome was apparently 
caused by a pituitary lesion and responded well to 
x-ray treatment of the pituitary. 

In addition to the above described protocols there 
were 3 cases of hypertrichosis in females associated 
with definite hyperplasia of the adrenal cortex 
(proven at post mortem), two of these with hyper- 
tension and one with normal pressure. There were 
incidentally 3 cases of hypertrichosis in which no ad- 
renal lesion whatsoever could be demonstrated at 
post mortem. 

Of the tumors of the adrenal unassociated with the 
adrenocortical syndrome there were 3 cases in women 
and 4 in men (the latter without any evidence of endo- 
crine abnormalities). Ponceau fuchsin stains of the 
tumors showed varying degrees of fuchsinophilia. In 
the last 5,700 autopsies at the Mount Sinai Hospital 
there were found 120 adenomata of the adrenal cor- 
tex as incidental lesions, or about 2.1% of the total. 
Of these 53 were in women and 67 in men, and varied 
in size from pinhead to cherry. 


SUMMARY 


An effort has been made to present the problem of 
virilism in women in the light of the latest pathologic 
and endocrinologic findings. Although no final, defini- 
tive statement can be made as to the etiology of the 
syndrome it must be admitted that the weight of the 
evidence favors adrenal cortical involvement. In our 
own series, however, Case 7, though not confirmed 
by postmortem examination, was apparently one of 
pituitary etiology because all the laboratory findings 
as well as the response to treatment indicated that 
likelihood. It must again be emphasized that the mere 
finding of a basophilic adenoma of the pituitary does 
not indict that gland as the etiological organ since in 
a series of consecutive autopsies this lesion may be 
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found in an incidence of about 2% (Kepler) without 
any associated symptoms whatsoever. 

The theories of Broster and Vines in England and 
of Grollman in this country have placed the embryol- 
ogy of the adrenal on a new, important footing, and 
although their work lacks complete corroboration it 
has opened a channel which it is hoped may lead 
eventually to the goal. In like manner the endocrine 
investigation that is going on at the present offers 
much promise, although here again it is too early to 
accept the work as final. 
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PITUITARY DWARFISM 


ROWTH has Leen reported in cases of primary 
pituitary dwarfism (1, 2, 3) following the 
parenteral administration of extracts con- 
taining the alleged growth hormone of the anterior 
lobe of the hypophysis. Very little is known, how- 
ever, regarding the metabolic changes produced by 
this extract. Increases in serum phosphorus, blood 
uric acid, and basal oxygen consumption, without 
alteration of the serum calcium, were reported by 
Schaefer (3). Bulger and Barr (4) on the other hand, 
reported no striking results in one case, although, ac- 
cording to the published data, there was a greater 
excretion of calcium, phosphorus, nitrogen, sulphur, 
magnesium and creatinine. The creatinuria and basal 
oxygen consumption were unaltered. 

Extracts of the pituitary which contain the alleged 
growth hormone have been advocated only for the 
treatment of primary pituitary dwarfism, and the ef- 
fect, in the reported cases, has varied considerably. 
Some patients have grown rapidly, whereas, in other 
cases, although the epiphyses have been made to close, 
no growth has occurred. Prolonged extract therapy, 
which is necessary before the desired results can be 
accomplished, is expensive, and in patients dwarfed 
secondarily to some chronic, nonpituitary disease it 
may be harmful. We have been unable to find any re- 
ports of the effect of such an extract on dwarfs of 
the latter type. The immediate metabolic changes 
produced by the extract, therefore, should be studied 
in the hope that they may indicate whether growth is 
to be expected, and may enable one to differentiate 
primary pituitary dwarfism from the other types. The 
present investigation was undertaken to ascertain, 
(a) whether demonstrable metabolic changes occur 
following the parenteral administration to primary 
pituitary dwarfs of extracts containing growth hor- 
mone and, if so, (b) whether such alterations give any 
indication of the ultimate growth or osseous changes 
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and (c) whether the extract produces similar changes 
in patients whose dwarfism is secondary to some 
chronic, nonpituitary malady. 

METHOD 


The patients studied were divided into two 
groups. Those with primary pituitary dwarfism were 
placed in the first group and those dwarfed secondar- 
ily to chronic, nonpituitary disease were placed in the 
second group. 

In the first group the first patient was a white girl, 

18 years of age, whose growth rate began to decrease 
at approximately 3 years of age and ceased at 15 
years. Her immediate family were all of large stature. 
She appeared to be approximately 6 or 7 years of age 
with no other objective abnormalities. The height 
was 49.4 in. and the weight was 85 lb. The bone de- 
velopment by roentgenogram was approximately 9 
years. 
The second patient was a white man, 26 years of 
age, whose growth rate began to decrease at approxi- 
mately 5 years of age and ceased at 20 years. He ap- 
peared to be approximately 12 years of age, with a 
high pitched voice. There was no beard or pubic hair 
and the genitalia were underdeveloped. The height 
was §7.8 in. and the weight 92 lb. The bone age was 
estimated by roentgenograms to be 14 years. 

The third patient was a girl, 16 years of age, who 
had always been small. Growth*ceased at 8 years of 
age, following the development of diabetes mellitus. 
One year later she was admitted to the pediatric 
service of the University Hospital and appeared to be 
5 years of age. The growth rate then increased but 
ceased at the age of 15 years. She appeared to be 12 
years of age without other objective abnormalities. 
The height was 5314 in. and the weight 83 lb. The 
bone development by roentgenogram was that of 14 
years. 

In the second group the first patient was a white 
boy, 17 years of age, who had been of normal size un- 
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til he developed diabetes mellitus at the age of 3 years. 
The growth rate practically ceased for’8 years with 
the uncontrolled diabetes. His treatment was then 
supervised by the pediatric staff for 6 years. He grew 
from 44% to 6114 in. but the secondary sexual char- 
acteristics failed to develop. He appeared to be 13 or 
14 years of age, and there were no other objective 
abnormalities. 


TABLE 1. AVERAGE 
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The extract of the anterior lobe of the pituitary 
gland! was administered intramuscularly in doses of 
3 cc. every other day for one month and thereafter 2 
cc. twice weekly. 

Balance studies on nitrogen, sulphur, calcium and 
phosphorus were carried out in 4-day periods. There 
was a control period, before extract therapy, in al! 
cases, and another period promptly after the institu 


BALANCE PER DAY 






































. | 7 Growth | Av 
Case Period Nitrogen) Sulfur | Calcium) Phos Creatine | — —— “ : “ial 
- Be * | excretion One year | After glucose 
excretion : 
previously | treatment | excretion 
gm. mg mg. mg. mg. gm. | 
I Control +3.85 +237 +462 +750 45 0.705 | in 1 in. 
Immediate | +2.35 + 97 +550 +660 252 0.740 4mo. | 
After 1 mo. +2.20 | + 97 +503 +600 149 0.686 | | 
: Control +0.76 +227 — 53 + 69 62 0.866 None None 
9-13 days after treat. | +2.98 + 18 +143 +172 ) 0.878 until | 
Antuitrin & thyroid | +1.53 — 83 — 19 + 42 169 0.852 thyroid 
Antuitrin only -1.60 + 49 + 241 + 18 ) 0.723 added 
Control 5 mo. later +4.36 +148 +204 +326 ) 0.859 
Immediately after an- 
tuitrin +1.16 —175 — 503 —195 ° 0.823 
3 Control —0.975 + 14 — 162 + 6 332 0.864 7 in. None 23.0 
Immediate —0.775 | — 31 +142 + 63 237. | 0.825 until 17.7 
After 1 mo. +0.237 | — 71 — 63 +135 145 | 0.875 thyroid 47.6 
After thyroid —o.830 | + 30 —161 + 32 244 | 0.790 added 69.0 
A_ | Control —1.85 —- 73 — 55 -— § 400 1.29 3 in. 1in. | 19.0 
Immediate —2.12 — 1§ —150 —238 1040 7.43 5 mo. St. 
After 1 mo. —0.49 + 77 +308 +195 aay | 2.40: | | 64.0 
B Control —2.28 —207 +665 +325 386 1.17 None thin. | 34.6 
Immedaite —5.57 —346 —473 — 863 626 1.20 4 mo. 36.4 
After 17 da. +0.10 + 10 +785 +192 255 1.18 19.1 
C | Control +2.51 + 81 + 41 — 53 fe) 0.630 None None 
| 15-19 days after treat. | +6.08 +310 +397 +424 ° 0.580 4mo. 


Cases 1, 2, 3—Primary pituitary dwarfs; A, B, C—Dwarfism secondary to chronic nonpituitary disease 


The second patient was a white man, 26 years of 
age, who was of normal size and development at 13 
years of age when he developed diabetes mellitus. The 
diabetes was never controlled for any period of time, 
and growth and development ceased at 14 years. He 
appeared to be 15 years of age. The voice was high 
pitched and the axillary and pubic hair were thin. The 
height was 6234 in. and the weight was 104 Ib. The 
bone age by roentgenogram was 16 years. 

The third patient was a white boy, 16 years of age, 
who was normal in size and development until 13 
years of age at which time he developed bacillary 
dysentery. The diarrhea persisted for the next 3 
years and the growth and development ceased. The 
diarrhea was controlled before the studies were be- 
gun. He appeared to be 12 or 13 years of age with no 
other physical defects. The height was 60.4 in. and 
the weight 79 lb. 





tion of treatment in all of the first group and in 2 of 
the second group, cases A and B. A third period be- 
gan 9 to 17 days after institution of extract therapy, 
in case 2 of the first group, and in cases Band C of the 
second group. Patients 1, 3 and A were studied again, 
one month after the institution of therapy. Two of 
the primary pituitary dwarfs, cases 2 and 3, would 
not grow until they received, in addition to the 
pituitary extract, desiccated thyroid gland in doses o: 
1 grain daily. Observations were made in both pa: 
tients before, and immediately after, administration 
of thyroid. 

The effect upon the serum calcium, phosphorus 
and phosphatase, and upon the glucose tolerance anc 


1 The extract of the anterior lobe of the pituitary gland was 
purchased as Antuitrin-G through the hospital pharmacy and is 
marketed by Parke, Davis & Co. The potency was recorded as 1¢ 
rat growth units per cc. 
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basal oxygen consumption, was observed in case 2 
and in case C. The urinary creatine and creatinine 
were measured in all patients during each period. 

Analysis of the food, during one period, for its 
content of nitrogen, sulphur, calcium and phosphorus 
showed that these substances were present in the 
amounts which were calculated from the food tables 
of Rose (5). The urinary nitrogen was measured by 
the Kjeldahl method. The urinary calcium was meas- 
ured by the method of McCrudden (6) and the phos- 
phorus by the method of Fiske and Subbarow (7). 
Sulphur analysis was made according to the method 
of Benedict (8). 


RESULTS AND COMMENT 


The metabolic alterations which occurred in the 
primary pituitary dwarfs following the administra- 
tion of extracts of the anterior lobe of the hypophysis 
may be divided into the immediate and the later ef- 
fects. It is to be noted from table 1, which summarizes 
the metabolic data, that there was a decrease in stor- 
age of nitrogen and phosphorus in 2 of the 3 cases of 
this group, and that less sulphur was stored in all 3 
cases. Calcium storage, on the other hand, increased 
in two and decreased in one. The creatine excretion 
was increased in one and decreased in another. The 
creatinine excretion was not materially altered. It is 
difficult to interpret such results. All of the patients 
received the same dose of the extract. Patient 3, how- 
ever, had received the extract 2 years previously, for a 
period of 6 months, without effect on her growth. In- 
dividual differences in the dosage required may have 
been a factor in the variability of the results. The 
dosage advocated in the literature has varied consid- 
erably. There was a decreased storage, however, of 
most of the substances studied. The results confirm the 
published data of Bulger and Barr. It appears odd that 
there should be a greater excretion of the substances 
which are necessary for growth if growth is to be 
stimulated. Such a paradox has been noted previously, 
following the administration of thyroid to juvenile 
myxedema patients. 

There is no consistent relationship between the 
immediate metabolic alterations and the ultimate 
amount of growth in primary pituitary dwarfism. The 








TABLE 2 

Serum Serum Blood Basal 
Case Period cal- phos- phos- _metab- 
cium phorus phatase olism 

mg. % mg.% m.% % 
2 Control 10.5 at 6.7 —20 
9-13 days after R 10.0 4-7 4.5 —31 
After thyroid R 11.0 Gk .-3 + 1 
C Control 10.2 4.6 Cee —19 
15-19 days after R 4:3 ey, —17 
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first patient grew one inch in 4 months, whereas the 
last 2 patients did not grow until desiccated thyroid 
was administered. The second patient then grew 314 
in. in 3 years, and the third patient grew 1 in. in 6 
months. The later effect of the extract is to produce a 
greater storage of most of the substances necessary 
for growth. There was a greater storage of calcium in 
all 3 cases, with more nitrogen and phosphorus stor- 
age in 2 of the 3 cases. The later metabolic alterations, 
likewise, do not appear to be an index of the growth 
to be expected. The alterations in cases 2 and 3 were 
more consistent with growth, but the growth rate did 
not increase. 
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Fig. 1. THE GLUCOSE TOLERANCE CURVE BEFORE PERIOD I, AND 
AFTER PERIOD 2 ADMINISTRATION OF ANTERIOR LOBE OF THE 
PITUITARY in a case of primary pituitary dwarfism (case 2), and one 
dwarfed secondarily to chronic bacillary dysentery (case C), and 
after the administration of thyroid to a case of primary pituitary 
dwarfism. The curves were not materially altered by the pituitary 
extract but were increased by the administration of thyroid. 


In patients dwarfed secondary to some chronic, 
nonpituitary disease the immediate metabolic altera- 
tions were similar to those which occur in primary 
pituitary dwarfs. There was less storage of nitrogen, 
calcium and phosphorus in both cases immediately 
after extract therapy. The creatine excretion increased 
in both cases, also. The later metabolic alterations 
were, likewise, similar to those which occur in pri- 
mary pituitary dwarfs. The nitrogen, sulphur and 
calcium storage was increased in all of these cases. 
Ths phosphorus storage increased, and creatine ex- 
cretion decreased in 2 of the 3 cases. Such metabolic 
changes do not appear, however, to be an indication 
of the amount of growth to be expected. There was a 
greater storage of all of the substances in patient C, 
yet he failed to grow. 

The results obtained in the 3 patients with uncon- 
trolled diabetes mellitus may be questioned, because 
uncontrolled diabetes mellitus produces alterations 
in nitrogen, sulphur, calcium and phosphorus metab- 
olism. The changes which occurred, however, were 
not caused by variations in the degree of control of 
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the diabetes. It is to be noted that the metabolic 
changes were not related to the amount of the aver- 
age daily urinary excretion of dextrose. 

Sulphur metabolism usually closely parallels that of 
nitrogen, but in these studies there was no constant 
relationship between the two. The alterations which 
are apparently produced in the cartilages during 
growth may account for this discrepancy. 

As shown in table 2, there was no alteration of the 
serum calcium, phosphorus, or phosphatase 9 to 19 
days following the administration of the pituitary 
extract to a patient of the first and to one of the sec- 
ond group. The basal oxygen consumption declined 
in the primary pituitary dwarf, but was normal in an- 
other primary pituitary dwarf, case 3, 4 months after 
beginning pituitary extract therapy. It was thought 
that the subnormal basal oxygen consumption might 
be an indication that thyroid therapy was necessary 
to produce growth. Case 2 did not begin to grow un- 
til after he began to take thyroid. It was necessary, 
moreover, to add thyroid therapy in case 3 before 
growth became accelerated, in spite of the fact that 
the basal oxygen consumption was within normal 
limits. The metabolic changes produced in both cases 
after desiccated thyroid gland therapy was begun 
were similar to those which occur immediately after 
the administration of the pituitary extract. In both 
cases, the thyroid therapy was necessary to produce 
an increased growth rate, yet the immediate meta- 
bolic response was less storage of the substances nec- 
essary for growth. Later, there would undoubtedly 
have been a greater storage of these substances. 

As shown in figure 1, the alterations which were 
produced in the glucose tolerance curve in 2 cases, 13 
to 19 days after beginning treatment with extract of 
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the anterior lobe of the hypophysis, were not re- 
markable. The addition of thyroid therapy, on the 
other hand, diminished the tolerance in the one case 
which was studied. 

SUMMARY 


Balance studies on nitrogen, sulphur, calcium and 
phosphorus and the urinary excretion of creatine and 
creatinine were made in three, typical, primary pitui- 
tary dwarfs, and three patients dwarfed secondary to 
chronic, nonpituitary disease, before and after the 
administration of an anterior pituitary lobe extract 
which contained the alleged growth hormone. The 
alterations which occurred were similar in the two 
groups of cases. In most instances, the immediate ef- 
fect was to decrease the storage of these substances, 
and the later effect was to increase storage. The meta- 
bolic changes gave no indication of the amount of 
growth to be expected in either group of dwarfs. 
There was no consistent alteration in the serum cal- 
cium, phosphorus, and phosphatase, or basal oxygen 
consumption or glucose tolerance, in the cases stud- 
ied. The effect of uncontrolled diabetes mellitus upon 
the results and the discrepancy in nitrogen and sul- 
phur metabolism are discussed. 
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MENSTRUAL CYCLE 


under investigation for the past 10 years in 

our department. During these studies daily 
measurements of the fluctuations in the perineum of 
the normal female baboon have proved a reliable 
indicator in experimental work involving the female 
sex hormones because it is demonstratively sensitive 
to estrogens as well as to progesterone. 

By this simple method of external measurement 
uncomplicated by operative procedures the qualita- 
tive effects of both these hormones in prepubertal, 
castrate, and normal animals have been followed day 
by day. Having in our hands this simple external 
indicator we have recently concentrated our efforts 
on the quantitative balance between estrogens and 
progesterone. By varying the amounts of estrogen 
and progesterone any gradation of change in the 
cycle between one that is normal and one that has 
been upset is accessible to mensurable expression. 

Clinically it is of the utmost importance to under- 
stand this quantitative balance between the estro- 
gens and progesterone; grave ovarian damage may 
otherwise be inflicted by the empirical use of er- 
roneous combinations of hormones. In proof of this 
statement I need only remark that with estradiol 
benzoate and progesterone I have been able to pro- 
duce consistently, by the same technic, large ovarian 
cysts in four of the baboons in our colony. 

Throughout our experiments on baboons one 
question has always obtruded itself, namely, how 
far can the results obtained be applied to the human 
female? To render the experimental work of more 
than academic value correlation must be established 
between the responses of the baboon and those of 
the human female to the same ovarian hormones. 
With such correlation our knowledge of the normal 
and abnormal human menstrual cycle could rapidly 
increase and the two potent hormones, estrone and 
progesterne, that have been placed at our disposal, 
would be employed more intelligently in the clinic. 

The present paper records an attempt at such cor- 


T= MENSTRUAL CYCLE of the baboon has been 
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relation since its purpose was to determine whether 
progesterone can alter the normal cycle in women 
in the manner already proven for baboons (2, 3). 

The problems considered in this investigation are: 
the amount of progesterone necessary to influence 
the human menstrual cycle, the length of time for 
which progesterone is effective in the human organ- 
ism, the variability of the response of women to 
progesterone and the nature of the responses. Some 
aspects of abnormal bleeding will be reviewed briefly 
in the light of the facts presented below and features 
deemed to be of clinical importance that emerge 
from this investigation will be emphasized. Finally 
at every appropriate stage in the study such cor- 
relation between the baboon and the human female, 
as appears justified by the experimental results, will 
be indicated. ; 

The one disadvantage in investigations of a quan- 
titative nature of this kind is the large number of 
experimental subjects necessary. They must be 
voluntary subjects and normal in health. The re- 
sults thus far obtained were regarded as sufficiently 
valuable to be published at this stage in the hope 
that corresponding lines of investigation could be 
followed up by others in more favorably placed 
circumstances. 

MATERIAL AND METHODS 

Thirteen European women volunteered assistance 
in the investigation. Each woman was subjected to 
only one experiment, save in one instance where 
two experiments were conducted (cases 3, 8). The 
civil status of the subjects is shown in table 1. Of 
the married women cases 1 and 5 were nulliparous 
and case 12 was 2-parous. The women were be- 
tween 18 and 30 years of age, except two who were 
between 33 and 35 years. 

The menstrual cycles in these experimental in- 
dividuals were accurately recorded over a number 
of months. No woman who had irregular cycles was 
regarded as suitable for the purpose of this investi- 
gation. 

The crystalline corpus luteum hormone (pro- 
gesterone) employed was proluton (Schering). Pro- 
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TABLE I 
Case Civil No. of Total Length of Length of 
a. state 'jec-, «Ss amount of normal experimen- 
tions progesterone cycle tal cycle 

mg. days days 

I M I 10 26 26 

2 S I 10 26 32 

3 S I 15 29 29 

4 S 2 15 29 29 

5 M I 20 25 13 

6 S I 20 31 42 

7 S 2 20 31 46 

8 S 2 20 29 29 

9 S 2 20 30 13 
fe) S 2 20 30 25 
I S 3 30 28 17 
I2 M 3 30 25 15 
13 S 3 30 30 15 
14 S 3 30 28 16 








gesterone was injected intramuscularly on the 8th 
or 10th day of the cycle. 

As most of those who collaborated were un- 
married women it was not feasible to obtain uterine 
biopsies; nor could vaginal smears be obtained from 
all concerned. The subjective reactions, however, 
were accurately recorded for each case. These were 
of the greatest interest, but as any discussion of 
this aspect of the experiment would distract atten- 
tion here from the body of facts presented below it 
was decided to withhold those data for a separate 
communication. 

EXPERIMENTAL 


From previous baboon experiments (1, 2) and 
especially as a result of a quantitative study (4), it 
was anticipated that human females would be more 
sensitive to progesterone than are female baboons. 
The object of the first experiment was to produce 
premature bleeding. Provided the dose of proges- 
terone necessary to cause premature bleeding in 
human beings could be established then further ex- 
periments with sub-bleeding amounts of corpus 
luteum hormone could be rationally planned. 

Experiment 1 (table 1, cases 1-3). Accordingly the 
first experiment was projected in order to discover 
whether or not it was possible to precipitate men- 
strual bleeding prematurely in women by means of 
single injections of progesterone in quantities known 
to be sufficient to produce such premature bleeding 
in baboons. The efficacious dose in baboons was 
known to be 20 mg. if injected on the 8th day of the 
cycle. 

Three women were injected intramuscularly on 
the 8th day of their cycles, two with 10 mg. and one 
with 15 mg. of progesterone (cases 1-3). 

Contrary to expectation premature bleeding was 
not precipitated, nor was there any significant alter- 
ation in the length of the cycle as invariably occurs 
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in baboons with corresponding amounts of proges- 
terone. From this it followed that the human fe- 
male did not react to those amounts of corpus 
luteum in the same fashion as did the baboon. 

Experiment 2 (table 1, cases 4 and 5). The nega- 
tive results obtained from the first experiment sug- 
gested that an increase in the quantity of proges- 
terone might lead to the desired effect. In the ba- 
boon it was discovered that 15 mg. progesterone 
given in the first part of the cycle as a single dose 
would only depress the height of the turgescent 
sexual skin or perineal swelling, but, if given in 
two doses of 7.5 mg. each the perineal swelling un- 
derwent deturgescence and this was succeeded by 
uterine bleeding 5 to 7 days after the last injection. 
The latter effect could also be achieved by giving 
20 mg. as a single injection. 

Two further women submitted themselves for 
this experiment. Case 4 received two doses each of 
7.5 mg. of progesterone on the 8th and roth days of 
the cycle and case 5 was given 20 mg. on the 8th day. 

Case 4 experienced a normal cycle. Case 5, how- 
ever, had a show on the toth day which stopped 24 
hours later. Ninety-six hours after the injection a 
dark brownish hemorrhagic discharge, accompanied 
by some mucus, appeared and lasted for 4 days. On 
the 23rd day of the cycle, i.e., 2 days before it was 
expected, case 5 menstruated normally. 

The data thus revealed that 15 mg. given in a 
single dose or in two equally divided amounts could 
not alter the menstrual rhythm. On the other hand, 
20 mg. of progesterone noticeably affected the course 
of the cycle; but, the human female differed from the 
baboon female in that there were two bleeding pe- 
riods within the same cycle, i.e., the experimentally 
produced bleeding and the bleeding normally en- 
countered at menstruation. 

Experiment 3 (table 1). Since the evidence now 
indicated that progesterone up to 15 mg. could not 
influence the human cycle, whereas 20 mg. caused 
noticeable changes, it was thought desirable to ob- 
tain further confirmation in respect of the action of 
20 mg. of progesterone. 

Case 6 received 20 mg. on the 8th day of the cycle, 
case 7 received two doses of 10 mg. each on the 8th 
and 11th days and case 8 received two 10 mg. doses 
on the 8th and 12th days. In cases 6 and 7 the men- 
strual cycle was greatly lengthened; menstruation 
supervened on the 42nd day in case 6 and on the 
46th day in case 7, i.e., the cycle was lengthened by 
11 and 15 days respectively without any intervening 
hemorrhage as in case 5. Case 8, however, had a 
normal cycle. In this latter instance it was suspected 
from later experiments that the two injections were 
too widely spaced and the effects of the first 10 mg. 
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had worn off before the second 10 mg. of progesterone 
were given. Unfortunately this woman had been the 
subject of the earlier experiment (case 3) and it was 
thought unwise to take advantage of her very gen- 
erous consent to assist in elucidating this point. 

But to avoid any confusion from the operation of 
that factor two further women (cases 9, 10) were 
injected with two doses each of 10 mg. progesterone 
on the 8th and roth days respectively. Seventy-two 
hours after the last injection case 9 had a hemorrhagic 
discharge, lasting for 4 days. The discharge had all 
the characteristics of a normal menstruation; and in 
this individual the next menstruation occurred 26 
days after the induced bleeding. In case 10 the cycle 
was merely shortened by 5 days. It was not possible 
to say whether this shortening of the cycle was due 
to the injection or not. 

The general information gained from these results 
was that a wide variety of suggestive reactions were 
evoked in women injected with 20 mg. progesterone. 
This variable type of response, it was thought might 
be due to the fact that 20 mg. of progesterone was 
still insufficient to interfere consistently with the 
menstrual cycle. For this reason experiment 4 was 
carried out. 

Experiment 4 (table 1, cases 11-14). Four women 
were injected with 30 mg. progesterone in 3 doses 
of 10 mg. each, given on alternate days and starting 
on the gth day of the cycle in case 11; on the 8th 
day in cases 12-14. The results are briefly expressed 
in table 1. In every instance a hemorrhagic discharge 
from the vagina followed 72 to 96 hours after the 
last injection. The bleeding in each case was indis- 
tinguishable from the normal menstruation experi- 
enced by each woman, save that in 3 cases the dura- 
tion of the bleeding was 2 days less than at normal 
menstruation and in the fourth case it was shortened 
by 3 days, being 4 days instead of the normal 7. 

The onset of this premature bleeding in cases 11, 13 
and 14 must be regarded as heralding the beginning 
of a new cycle because in these 3 cases this new 
cycle succeeding the experimental one was shortened 
by only 3 to 4 days as compared with each previous 
normal cycle. 

Case 12 differed from the others in that the bleed- 
ing occurring 80 hours after the last injection, lasted 
for 4 days and then on the 20th day of the cycle 
that is 4 days after the cessation of the experimental 
bleeding a hemorrhagic discharge from the vagina 
set in again and lasted for 5 instead of 7 days. As 
in the previous experiment (case 5) two uterine 
hemorrhages had occurred within one cycle, the first 
was that experimentally induced 80 hours after the 
last injection of progesterone and the other set in at 
the normally expected time. 
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DISCUSSION 


Dosage of progesterone necessary to influence the 
human menstrual cycle. In previous papers (4, 5) the 
sexual skin or perineal swelling of the female baboon 
was shown to respond quantitatively to proges- 
terone. The swelling of the sexual skin is due to 
estrogens. Such a turgescent sexual skin may be made 
to undergo deturgescence by progesterone in the 
presence of large quantities of estrogen. It was proved 
that this can be studied in normal adult females with- 
out having recourse to castrates. 

If progesterone is given to mature baboons in the 
the first part of the cycle that is, the stage of perineal 
turgescence, two types of reactions are produced 
depending on the amount of progesterone used. The 
first is a deturgescence of the sexual skin lasting from 
4 to 7 days when the perineum turgesces once more 
and passes through a normal rhythm but the cycle 
terminates with the onset of bleeding 4 to 9 days 
beyond the expected time. This first type of reaction 
is produced by 3 to 15 mg. of progesterone given as 
a single injection. 

The second form of reaction is produced by 2 in- 
jections of 71% mg. of progesterone on alternate days 
or by a single dose of 20 mg. of progesterone given 
in the turgescent phase. This leads to a deturgescence 
of the perineum which is followed by bleeding 4 to 
7 days after the last dose of progesterone. The cycle 
is thus shortened by two-thirds or half its normal 
length. 

If injections of 3 mg. progesterone are repeated 
daily from the 8th day of the cycle onwards then 
the cycle may be indefinitely prolonged. In two in- 
stances the cycle was postponed in this way until 
the 6oth day. When the injections were stopped 
bleeding was precipitated 3 days after withdrawal 
of progesterone. 

On comparing the experiments in baboons with 
those in women, contrary to expectation, the human 
female is much more resistant to progesterone than 
is the baboon (3). 

Up to 15 mg. of progesterone given as a single 
dose or in two divided doses on the 8th to 1oth day 
of the cycle produces no noticeable effect on the 
length of the human cycle. As much as 20 mg. of 
progesterone evoked no response in one person (case 
8). Since in the baboon 3 mg. of progesterone were 
capable of causing perineal deturgescence without 
bleeding whereas in the human being up to 15 mg. 
in all cases and 20 mg. in one case did not affect the 
cycle, it follows that the human female is 5 to 7 
times more refractory to the initial effects of pro- 
gesterone than is the baboon. 

Progesterone in total quantities of 20 mg. given 
to human females as one or two doses produces 3 
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types of response: first, premature bleeding may be 
precipitated experimentally but the normal menstru- 
ation occurs at the expected time (case 5); second, 
the cycle may be shortened by the appearance of 
premature bleeding (case 9); and third, the cycle may 
be lengthened (cases 6 and 7). 

With 30 mg. progesterone the cycle was shortened 
by almost half the normal length in three cases, 11, 
13, 14, and two bleedings occurred in case 12, the 
experimental and the normal. This suggests that 30 
mg. is generally sufficient to precipitate premature 
bleeding in normal women, but there is also the 
possibility that the 4 women used for this experiment 
might also have bled with 20 mg. of progesterone as 
in cases 5 and g. There is evidence available from 
Zondek and Rozin that some women may prove re- 
fractory to as much as 50 mg. of progesterone (9). 
Zondek and Rozin (8) were concerned chiefly with 
the problem of producing intracyclic hemorrhage and 
the progesterone was given in their exceptional case 
during the period of follicular rupture. This intro- 
duces a physiological consideration which may have 
affected the issue in that case. 

In the baboon, either 15 mg. progesterone given 
in two or three divided doses or 20 mg. given as a 
single dose will each cause perineal deturgescence 
and precipitate premature bleeding. This indicates 
that in the baboon § to 7 times the minimum quantity 
of progesterone necessary to cause lengthening of the 
cycle is required if we desire to cause shortening of 
the cycle. 

We have already seen that in the human female 
where 10 to 15 mg. of progesterone were used there 
was no significant effect on the length of the cycle 
(cases 1-4). Even with 20 mg. one, and possibly two, 
of the 6 cases were refractory to progesterone. On 
the other hand a 20 mg. dose lengthened the cycle 
in two cases and it produced premature bleeding in 
two cases. A 30 mg. dose produced premature bleed- 
ing in all cases. 

The dose of this hormone necessary to cause bleed- 
ing and to shorten the cycle in women is at most a 
dose equal to one-and-a-half times that necessary in 
women for prolonging the cycle. This should be com- 
pared with the dose of 5 to 7 times the minimum 
amount of progesterone required for prolonging the 
cycle demanded by the baboon. 

Again, it has been repeatedly emphasized above 
that premature bleeding in the baboon may be in- 
duced consistently with a minimum of 15 mg. of 
progesterone in two or three divided doses and 20 
mg. as a single dose, whereas in the human female 
20 mg. of progesterone will induce bleeding in some 
women and 30 mg. has induced bleeding in all women 
used in these experiments. Thus the amount of pro- 
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gesterone required to cause premature bleeding in 
the human female may be the same as in the baboon 
(20 mg. in woman; 20 mg. in the baboon); it may be 
114 times more (20 mg. in woman; 15 mg. in the 
baboon); it may be twice as much (30 mg. in woman; 
15 mg. in the baboon); or it may be 1% times as 
much (30 mg. in woman; 20 mg. in the baboon). In 
short, the human female requires from the same dose 
to twice as much progesterone to precipitate bleeding 
as does the baboon. 

Length of time in which progesterone is effective in 
the human organism. In assessing the length of ef- 
fectiveness of progesterone in the human organism 
no account will be taken of the delayed effect pro- 
duced on the ovaries by this hormone. This applies 
particularly in those cases where the cycle has been 
prolonged. Here of course, the action of progesterone 
has not been maintained throughout the cycle, but 
it has disturbed the ovaries which in turn have 
altered the normal menstrual rhythm. 

The only criterion available for assessing the 
duration of effectiveness of progesterone in the hu- 
man being is the premature onset of bleeding. There 
is no measureable external feature such as the 
perineal swelling of the baboon in addition to bleed- 
ing whereby we can follow day by day what is hap- 
pening. When small quantities of progesterone (3 
mg.) are injected into the baboon in the first part of 
the cycle the perineal swelling undergoes complete 
deturgescence in 4 to 7 days and then it commences 
to rise once more. If progesterone injection is con- 
tinued the perineum is maintained in a state of rest 
as long as the hormone is continued. When the hor- 
mone is withdrawn after this continuous treatment, 
then, provided sufficient progesterone has been given, 
bleeding occurs 60 to 144 hours later. When 20 mg. 
of progesterone are given in one dose the perineum 
undergoes deturgescence, this is completed on the 
4th to 7th day and bleeding then sets in. 

From this type of observation we are able to state 
with confidence that in the baboon progesterone is 
effective for as long as 60 to 144 hours. 

In the castrate Macacus rhesus, Engle, Smith and 
Shelesnyak (1) found that, after a preliminary course 

of estrone treatment followed by progesterone, bleed- 
ing occurred on the 5th day after progesterone with- 








TABLE 2 
Case No. Time of onset of bleeding in hours 
5 96 
9 72 
II 96 
12 80 
13 72 
14 96 
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drawal. The effective period of progesterone in the 
Macacus rhesus is thus very similar to that in the 
baboon. 

The time of onset of the bleeding in women after 
the last injection is shown in table 2. 

Thus in the women submitting themselves for ex- 
periment the bleeding set in from 72 to 96 hours after 
the last injection. In the series of cases reported by 
Zondek and Rozin bleeding occurred in 60 to 67 
hours after withdrawal. In baboon females it was 
thought that the variation in the latent period be- 
fore bleeding supervened after withdrawal might be 
related to the total amount of progesterone used (2), 
but later work showed that this is not the case. In 
women the time of onset of bleeding may be modified 
by the susceptibility of each woman concerned. At 
any rate the latent period for bleeding in the human 
female varies from 60 to 96 hours after progesterone 
withdrawal. 

From the foregoing there is every reason to suppose 
that the progesterone acts in the human female for 
almost the same length of time as in the baboon 
female. 

The variability in the response in women to pro- 
gesterone. The response of normal adult baboons to 
progesterone when given in the first part of the 
cycle has been remarkably constant. The samples 
submitted of such responses in previous publications 
have been repeatedly confirmed. 

In human beings on the other hand, 20 mg. pro- 
gesterone provoked variable reactions, (table 1, cases 
5-10). 

Even the subjective responses show that there is 
this individual susceptibility. Some women experi 
enced no untoward reactions after injections of 30 
mg. of progesterone while others, who had received 
20 mg. of progesterone, complained of violent deep- 
seated headache, fainting attacks, and a feeling of 
complete exhaustion which lasted for 5 days. The 
explanation for these individual responses must 
await further investigation. There was no obvious 
relation between dosage, age and body weight or 
civil status, as cases 5, 6 and 7, who all received the 
same amount of progesterone, showed very divergent 
responses and yet weighed approximately the same. 
Similar bodily habitus also was not accompanied by 
similar results. In order to establish possible correla- 
tions of this nature much larger groups of people are 
required. 

It was not anticipated that so great a degree of 
individual susceptibility would be evidenced; but 
Stewart and MacGregor (6) in the treatment of abor- 
tion have shown that considerable variation was dis- 
played in the amount of progesterone necessary to 
reestablish a normal excretion rate of pregnandiol in 
the urine. While there is no doubt that the hormonic 
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balance in the woman threatening abortion is af- 
fected by the placenta, nevertheless, it must be re- 
membered that there exists a. certain amount of 
individual variation in the susceptibility to pro- 
gesterone in the normal woman and this may be 
exaggerated in the presence of disease. Some women, 
therefore, require a much greater amount of pro- 
gesterone than do others, and each case must be 
treated on its merits. 

These experiments reveal that in apparently nor- 
mal women there are diverse individual reactions to 
progesterone and that clinically similar or greater 
diversity must be anticipated. A dose of progesterone 
effective in one woman is not necessarily effective in 
another. 

Nature of the responses in women elicited by pro- 
gesterone. In assessing the effect of hormones on the 
menstrual cycle in women only one reliable, non- 
operative indicator is available, namely, the length 
of the menstrual cycle. This criterion, while cer- 
tainly most valuable, affords no precise information 
as to which part of the cycle is involved in its short- 
ening or lengthening. Thus in cases 6 and 7 it is not 
possible to say whether the first or the second part 
of the cycle, or both, have been unduly prolonged. 

In the baboon, on the other hand, the reactions 
on the sexual skin show precisely which part of the 
cycle is most affected. Once adequate quantities of 
progesterone are available in the body then pro- 
gesterone is biologically much more potent than es- 
trogen. In other words, if the sexual skin is turges- 
cent, that is, if estrogen is present, then optimum 
quantities of progesterone will always produce de- 
turgescence even in the presence of enormous quanti- 
ties of estrogen (4). While it is not possible to say 
whether in the uterus this effect of progesterone com- 
pletely antagonizes estrogen or whether there is a 
partial synergism, nevertheless, in respect of the 
perineum in the baboon, progesterone, by causing 
deturgescence, certainly antagonizes the turgescent 
effect of estrogen. Progesterone, however, cannot 
bring about its action in the complete absence of 
estrogen, that is, estrogen must have produced its 
effect first, if progesterone is to be fully effective. 

In the baboon, where progesterone has induced 
only a deturgescence of the perineum unaccompanied 
by bleeding, the period of prolongation of the cycle 
is almost equal in extent to the period of inhibition 
of estrogenic activity induced by the progesterone. 
In this instance the ovarian activity was seemingly 
arrested if not annulled. The moment the effects of 
progesterone wore off, the ovary resumed its func- 
tion or a new cycle was initiated. Where the dose 
of progesterone was sufficiently large to cause pre- 
mature bleeding, a completely new cycle is appar- 
ently initiated, although the cycle succeeding the 
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experimental one is usually shorter by 4 to 6 days. 

In those women in whom the cycle was lengthened 
(cases 6 and 7) it is reasonable to presume that the 
progesterone exerted an effect similar to that in the 
baboon where premature bleeding was precipitated 
and the ovarian rhythm for the experimental cycle 
was completely broken. The only difference in the 
women, if this explanation is valid, would be that 
a new cycle was initiated in them without being 
preceded by the bleeding. 

Zondek and Rozin induced bleeding in 5 women 
with 50 mg. of progesterone, but in such cases the 
normal menstrual hemorrhage was not postponed. 
This type of induced bleeding they called “‘intra- 
cyclic bleeding.” In only two cases of my own series 
(cases 5 and 12) was this type of intracyclic hemor- 
rhage produced. In those other women in whom 
hemorrhage was produced prematurely, the normal 
menstrual bleeding did occur, that is this experi- 
mental bleeding cannot be regarded as true intracyclic 
hemorrhage. The next normal menstruation occurred 
three to four weeks after the induced bleeding. This 
indicates that with progesterone the cycle in the 
majority of normal cases, for example 9, 10, II, 14, 
was completely annulled as in the baboon. 

The occurrence of two cases of intracyclic hemor- 
rhage together with those recorded by Zondek and 
Rozin indicates that the human female in this respect 
reacts differently from the baboon in that an experi- 
mentally produced bleeding does not necessarily 
abort the menstrual rhythm in women as it does in 
the baboon. On the other hand the baboons and the 
majority of these human females show similar re- 
sponses to progesterone in respect both of the ex- 
perimentally produced bleeding and of the estab- 
lishment of a new cycle after such induced uterine 
hemorrhage. 

The nature of the bleeding induced with pro- 
gesterone in women, with one exception, was de- 
scribed as normal in every way except that the flow 
was briefer than that of a customary period. In case 
5, the flow was definitely abnormal in that it con- 
sisted of a dark brownish hemorrhagic discharge. In 
all cases the bleeding was accompanied by mucus. 

Clinical considerations. Apart from establishing a 
close correlation between the reactions of normal 
baboons and normal human females to progesterone 
there are certain features that emerge from this 
investigation which may be of some practical im- 
portance. 

In the light of these experiments the dosage of 
progesterone used clinically and reported in the 
literature seems to be inadequate. It is possible that 
in some cases the small quantities of progesterone 
used clinically are able to supplement the production 
of this hormone by the corpus luteum, and by virtue 
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of that effect the treatment may be valid. On the 
other hand the literature provides numerous reports 
of progesterone therapy which has not come up to 
expectations in cases where it should have proved 
efficacious. 

From this investigation it is at least clear that the 
normal human female is very resistant to progester- 
one. In disordered menstrual cycles this refractori- 
ness is probably maintained or even increased and 
small quantities of progesterone would be ineffective. 

In threatened abortion MacGregor and Stewart 
(6) seem to have used doses of progesterone which 
appear colossal in comparison with those generally 
recommended for this condition. Their treatment 
seems to us fully justified. The present investigation 
strongly suggests that large quantities of proges- 
terone may be used safely and perhaps more suc- 
cessfully than has been the practice hitherto. 

Another point of practical importance is the 
spacing of injections. Progesterone loses its effective- 
ness in the human female 60 to 96 hours after ad- 
ministration. Where relatively small quantities are 
being given repeatedly in order to produce a cumu- 
lative concentration of progesterone in the body, it 
is sound practice to avoid spacing the injections far 
apart, otherwise the first amount of progesterone is 
destroyed or excreted before the second is given. 
The experiments suggest that injections of pro- 
gesterone should be repeated at intervals of every 
second and certainly not later than every third day. 
In some women it is absolutely necessary to repeat 
the progesterone within two days otherwise the 
treatment will not produce the desired effect. Again 
the lack of susceptibility of individual women to 
this hormone should be kept in mind. Some women 
are much more refractory than others; a large initial 
dose of progesterone would appear to be indicated; 
the amount being lowered in subsequent injections 
to meet the need of each case. 

Perhaps the most interesting aspect of these in- 
vestigations lies in the fact that progesterone with- 
drawal can lead to uterine hemorrhage. It is un- 
necessary to reiterate the importance of progesterone 
withdrawal as a cause of bleeding, as this has been 
emphasized already in previous publications. The evi- 
dence available shows beyond reasonable doubt that 
the withdrawal of estrogen causes bleeding; but 
there is equally cogent evidence to show that a 
uterus previously “sensitized” with estrone can 
bleed after progesterone withdrawal. This post- 
progesterone bleeding of an estrogen-sensitized uterus 
is a much more rapid phenomenon than the post- 
estrogen bleeding occurring after estrogen with- 
drawal. 

The production of “intracyclic hemorrhage” by 
means of progesterone also calls for comment. Func- 
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tional bleeding in or near the middle of the cycle 
has usually been regarded as due to ovulation or to 
some disturbance in the estrogen level. Zondek and 
Rozin’s observations and our corroborative results 
show that intracyclic bleeding can follow proges- 
terone withdrawal. Thus any sudden increase in 
progesterone secretion followed by a sudden dimi- 
nution thereof in or near the middle of the cycle 
must now be regarded as a potential cause of inter- 
menstrual bleeding. 

These experiments with progesterone on the nor- 
mal human cycle affords information on two clinical 
conditions, namely, polymenorrhea and hypomenor- 
rhea. 

According to Shaw (7), in polymenorrhea or epi- 
menorrhea the menstrual cycle is reduced from 28 
days to 2 or 3 weeks and remains constant at that 
frequency. Shaw suggests that ovulation occurs more 
frequently in this condition. On the other hand, 
where large quantities of progesterone are used in 
the first part of the cycle, premature bleeding can be 
precipitated (cases 11, 13, 14) and a new cycle is 
initiated. It seems very likely, however, that in some 
cases of polymenorrhea the corpus luteum forms at 
the right time, but that it may function very actively 
for a very short time, the progesterone content falls 
very suddenly and bleeding supervenes earlier than 
expected after a normally functioning corpus luteum. 
In these instances, therefore, the corpus luteum is 
at fault and the follicular phase of the cycle is per- 
fectly normal. 

In hypomenorrhea the follicles may ripen in a nor- 
mal fashion, but the corpus luteum may not form suf- 
ficient progesterone to so alter the endometrium that 
when the corpus luteum ceases to function proges- 
terone withdrawal bleeding can take place as occurs 
in a normal cycle. Since estrogen may reach a high 
level just before bleeding it seems possible that in 
such cases where the corpus luteum is underactive, 
cyclical changes can occur in the genital tract with- 
out the intervention of bleeding. In fact such a 
rhythm has been artifically produced in baboons, and 
in cases 6 and 7, the cycle has been prolonged until 
the 42nd and even the 46th day. Secondary amenor- 
rhea lasting over several months may be due also to 
inadequate quantities of progesterone, rather than to 
inadequate quantities of estrogen as is so commonly 
thought. 

Zondek and Rozin have shown that in some cases 
of secondary amenorrhea bleeding can be produced 
with 50 mg. of progesterone. 

Our experience in the gynecological clinic in our 
own University has been of a similar nature. Before 
treatment we have taken vaginal smears daily over 
an extended period and if there was evidence of a 
cycle we have injected a total of 30 mg. of proges- 
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terone, given in three injections at 2 daily intervals. 
In the limited number of cases so far available we 
have been able to precipitate bleeding. Progesterone 
cannot act in the absence of estrogen, and in some 
cases of secondary amenorrhea it would seem on the 
foregoing that estrogen is present, that some pro- 
gesterone may be present but in quantities insufficient 
to precipitate bleeding on being withdrawn, but ade- 
quate to affect the ovarian rhythm (cf. cases 6 and 7). 

It must be mentioned, moreover, that a prolonged 
action of the corpus luteum may also produce amenor- 
rhea. This also has been shown in baboons, where the 
daily administration of progesterone late in the first 
part of the cycle has caused the turgescent perineum 
to undergo deturgescence and return to the resting 
state. The perineum was maintained at rest for 60 
days and only when the progesterone was withdrawn 
did bleeding occur. 

Hypomenorrhea may be due therefore (excluding 
any disturbance in the estrogen rhythm) to insuf- 
ficient or excessive progesterone. 


SUMMARY AND CONCLUSIONS 


A correlation is established between the effects of 
progesterone on the menstrual cycle of the baboon 
and the normal human female when this hormone is 
administered on the 8th to 1oth day of the cycle. 

In the human female three varying effects of pro- 
gesterone are described; lengthening of the cycle; 
the production of intracyclic hemorrhage without 
postponing the appearance of normal menstrual bleed- 
ing and the shortening of the cycle by the precipita- 
tion of premature bleeding, and the initiation of a 
completely new cycle. 

In the baboon intracyclic hemorrhage has not been 
produced with progesterone but the cycle may be 
lengthened or shortened thereby. 

Seven times as much progesterone as that needed 
for the baboon is required by the human female to 
produce alterations in the cycle which are not at- 
tended by bleeding. The human being can be de- 
scribed as being seven times more resistant to pro- 
gesterone than the baboon. 

The amount of progesterone necessary to cause 
premature bleeding in the human female is at least 
the same as and can be twice as much as that re- 
quired to produce the same effect in the baboon. In 
the human female the dosage necessary for this pur- 
pose is 20 to 30 mg. of progesterone, in the baboon 
it is 15 to 20 mg. 

Progesterone is effective in the human female for 
the same time as in the baboon, namely, 60 to 96 
hours. 

In the baboon, depending on the dose, proges- 
terone either arrests or completely inhibits the action 
of the ovaries in their production of the estrogenic 
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hormone; in the human female in most cases it seems 
that the drug inhibits the ovarian rhythm completely 
and, after the period of progesterone effectiveness, 
the released ovaries without being preceded by hem- 
orrhagic discharge from the uterus initiate a new 
cycle. 

The onset of bleeding, when it occurs after pro- 
gesterone withdrawal in either the baboon or the 
human female, is twice as rapid as after estrogen 
withdrawal. 

Attention is drawn to three points of clinical im- 
portance; the normal human female is very resistant 
to progesterone; the effects of progesterone wear off 
after 60 to 96 hours; and hypomenorrhea and poly- 
menorrhea may be due to abnormal corpus luteum 
activity. 
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of the estrogenic effectiveness, clincal useful- 

ness and safety of stilbestrol (4-4’ hydroxy-a-b- 
diethyl stilbene). A number of other synthetic estro- 
genic drugs including stilbestrol dipropionate, hex- 
estrol, and a methylated form of stilbestrol have been 
studied less extensively and will be reported on at a 
later date. In a previous clinical study (1) on 100 pa- 
tients who received stilbestrol for varying periods of 
time guarded conclusions were drawn. The present 
report covers a much larger group of patients given 
stilbestrol over an extended period. Most of the orig- 
inal observations can now be confirmed in the light of 
a great deal more collected data. The series under con- 
sideration is the largest yet reported, numbering over 
600 patients, all of whom have been under observa- 
tion for at least 6 months, most of them for 12 months. 
and some for as long as 21 months. Careful clinical 
and laboratory check-up has been employed through- 
out the investigation. 


T: PRESENT PAPER is a report of a 2-year survey 


Side-reactions 

Liver. As with any new drug, the possibility of un- 
desirable and perhaps dangerous side-effects must be 
considered. Since natural estrogens are known to be 
broken down in the liver, since gastrointestinal symp- 
toms such as nausea and vomiting occur in a varying 
number of patients taking stilbestrol, and since at 
least one observer (2) believes the drug may occa- 
sionally produce toxic jaundice, it has seemed impor- 
tant to investigate the question of potential liver 
damage as thoroughly and objectively as possible. We 
have approached the problem in three ways. First, 
5 patients with far advanced malignancy were given 
relatively large doses of stilbestrol, and postmortem 
studies were subsequently carried out on the liver on 
3 of these women. No evidence of injury was found. 
Secondly, an icteric index was taken on patients who 

Received for publication October 24, 1940. 


Fe Stilbestrol was supplied through the kindness of E.R. Squibb & 
Company, Winthrop Chemical Company and Eli Lilly and Com- 


of these patients two tests were made. Figures 1 and 
2 show the results in these 2 groups and in the con- 
trol series. Analysis of the findings indicates that 
there is no correlation between the amount of drug 
administered and the icteric index, and no evidence 
of any significant upward shift in the readings. Ac- 
cording to Barron (3) the normal range of the icteric 
index in fasting subjects is from 4 to 6. Latent jaun- 
dice produces readings between 6 and 15. Twenty- 
nine of our patients fell below 6, and 24 had levels 
slightly above, from 6 to 9; 3 were between g and 
12.5. There is the same variation in readings within 
the treated and control groups. Further, among the 
patients on whom 2 tests were made, the second read- 
ing (taken in all instances after a higher dosage of 
stilbestrol had been given) was lower than the first 
in 13, and higher in 8. In one case both readings were 
the same. Clouding of the serum and hemolysis ap- 
parently accounts for the occasional moderately high 
readings in all 3 groups. In no case was any effort 
made to modify the patients’ diet before drawing 
blood. 

Thirdly, no patient in our series has developed 
clinical jaundice or pain or tenderness in the right 
upper quadrant. Thus, we have not succeeded in 
demonstrating liver involvement by histologic, sero- 
logic, or clinical methods, and while such negative 
findings do not rule out the possibility of toxic effects, 
we believe the likelihood of serious hepatic injury to 
be very slight in the dosages necessary for effective 
therapy. 

Blood. We have also studied the effects of stilbes- 
trol on the hematopoietic system. Each patient had a 
white count, red count or cell volume, (hematocrit) 
and hemoglobin determination (Newcomer) taken 
before the drug was started and repeated thereafter 
at intervals of approximately four weeks as long as 
she remained under observation. Thus, the majority 
of patients had several such blood studies carried out. 


pany. No significant changes were noted in the white cell 
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count in well over 1,500 determinations. Very definite 
alterations in the hemoglobin level occurred. Among 
the 272 patients treated for menopausal disturbances, 
the hemoglobin level shifted in 157, increasing in 113, 
decreasing in 44. Of the 113 patients in whom an in- 
crease was noted, 23 had an increase up to 1.0 gm., 53 
up to 2.0, 16 up to 3.0, 11 up to 4.0, 4 to §.0, 3 to 6.0, 
and 3 to 7.0 gm. Among the 44 patients whose hemo- 
globin dropped, 19 decreased by less than 1.0 gm., 23 
by less than 2.0, and 2 by less than 3.0 gm. Similar re- 
sults were noted among 29 patients treated for other 
indications. In 24 of these the hemoglobin increased 
from 1.0 to 9.0 gm., and in 5 it dropped from 1.0 to 
3.0 gm. Thus, of 186 patients showing a definite 
change in the hemoglobin, 137 (74%) had an increase 
and 49 (26%) a decrease. Further, the range of the in- 
crease was out of proportion to that of the decrease. 
The cell volume or red count in almost every instance 
paralleled the shift in hemoglobin level, though the 
relative change was generally slighter. From these re- 
sults we have felt that the hematopoietic system is 
certainly not damaged by the drug, and we believe 
there is evidence that it may be distinctly benefited 


Fig. 2 


in some instances, particularly in the frankly anemic 
patient (table 1 for case 206673). The improvement in 
the hemoglobin and cell volume may perhaps be at- 
tributed to some direct effect of the drug on the bone 
marrow, to the augmented sense of well-being, with 
an associated stimulation to do more and eat more, or 
to both. Although it is known that both androgens 
and estrogens affect water balance, it appears improb- 
able that the apparent increase in hemoglobin and 
cell volume may be due to hemoconcentration, since 
the change occurs more or less selectively in patients 
below par, and since there is no such selective change 
in the leukocyte count. 

Gastrointestinal system. All investigators (4, 5) 
who have worked with stilbestrol agree that some 
individuals develop nausea, and occasionally vomiting 
with the drug. There is, however, no agreement as to 
the incidence or severity of these symptoms. In our 
series of patients a distinct minority complained of 
any nausea, and there were only 19 in whom it was 
really troublesome. A transient mild nausea does oc- 
cur in perhaps 15% of the patients taking stilbestrol 
for the first time, or restarting the drug after an in- 
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terval of several weeks. In most cases this is neither 
distressing nor persistent, completely subsiding asa 
rule within a week or ten days and not recurring. 

Two of our patients had to discontinue taking 
stilbestrol because of vomiting. It is of interest that 
both these women developed persistent vomiting 
with minute doses of the drug, and reported that it 
resembled in every respect the serious hyperemesis 
which both had experienced during pregnancies, and 
for which one of them had had a therapeutic abortion 
performed. It is entirely possible that there may be a 
correlation between the nausea of pregnancy and that 
induced by estrogen medication in the menopause. In 
both conditions the output of gonadotropic substance 
is relatively high. Nausea and vomiting have not been 
noted in a single instance among more than 100 wom- 
en treated with stilbestrol for suppression of lacta- 
tion, when the gonadotropic output is low. The 
possible relationship between the levels of gonado- 
tropin and estrogens in producing nausea and vomit- 
ing is now being studied, and data will be published 
later. 

English clinicians report occasional diarrhea and 
even constipation; so far none of our patients have 
experienced any such effect. 

Miscellaneous. Dermatitis has been reported by 
Shorr, Robinson, and Papanicolaou (6) but we have 
not encountered this complication in the present se- 
ries of patients, nor have any neurologic disturbances 
been noted. 


Tasie 1. Mrs. T., UNIT NO. 206673, AGE 43 


Hb. Cell V. W.B.C. 








gm = % 
1938 
Fibroids, profuse menses 9/29 6.6 26 8200 
10/22/38 10/20 6.2 25 
Hysterectomy, bilateral sal- 10/22 7.9 29 
pingo-odphorectomy 10/24 8.0 23 
Stilbestrol 4/13 10/28 8.5 30 7800 
5 mg. every other day 
1939 
4/13 10.9 35 
9/8 13.8 40 6300 
TABLE 2. MENOPAUSE 
Natural Induced 
Age, year Surgery Radiation 
No. patients No. patients No. patients 
Under 30 fe) 5 I 
30-35 I 12 I 
35-40 13 26 5 
40-50 77 71 9 
Over 50 41 6 4 
Total 132 120 20 
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Menopause 

The menopausal syndrome is the condition par ex- 
cellence for the use of estrogenic medication. Al- 
though the majority of women do not consult 
physicians because of menopausal symptoms, a sufh- 
cient number demand treatment to make this condition 
a most important one. The physiology of the climac- 
teric is not clearly understood but the cessation of 
ovarian function brings in its wake a bizarre train of 
symptoms which may completely upset the normal 
equilibrium of even the well-balanced individual. The 
insidious onset of the natural menopause may be less 
severe than the abrupt onset of the artificially induced 
one. However, the gradual cessation of ovarian func- 
tion is likely to result in a longer climacteric. Thus, 
symptoms may extend over a 12- to 18-month period 
in the artificial menopause, whereas it may last as 
long as 5 or 6 years in the natural climacteric. The 
period of waning ovarian activity may be very 
troublesome to the patient. 

Prior to the introduction of estrogens in the treat- 
ment of the menopause, therapy was unsuccessful. It 
consisted largely of the administration of sedatives 
to combat the nervous and emotional manifestations. 
Some relief could be obtained by dulling the vaso- 
motor mechanism, thereby decreasing the frequency 
of the hot flushes. The array of medical suggestions 
for the relief of this distressing period in the woman's 
life attests the lack of desirable results. 

Estrogens were employed in the treatment of the 
menopause as substitution therapy. The extension of 
our knowledge in endocrinology soon made it appar- 
ent that the cessation of ovarian function was fol- 
lowed by an increased pituitary function so that a 
follicle stimulating gonadotropic substance appeared 
in the urine. Estrogens depress this gonadotropic 
function of the pituitary gland. There is a direct cor- 
relation between the cessation of menopausal symp- 
toms and the disappearance of gonadotropic sub- 
stance in the urine. 

The early use of estrogenic substances for the treat- 
ment of the climacteric was not followed by uni- 
formly good results. Indeed, sound investigators 
challenged its value and were inclined to credit the 
parenteral route of administration for much of its 
virtue. With the advent of crystalline natural estro- 
gens which could be administered in larger amounts 
the results of therapy improved immeasurably. ‘The 
dose of the natural estrogens necessary to control 
symptoms may vary from 30,000 to 100,000 I.U.per 
week. 

The new synthetic drugs are ideal in the therapy 
of the menopause. Stilbestrol can be administered 
orally. A daily dose will provide a constant blood 
level of estrogenic principle more nearly replacing the 
natural estrogens. Apparently, one milligram a day is 
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Fig. 3. Mrs. K. Unit No. 151926. Age. 46. NATuRAL MENOPAUsE. Biopsies of the endometrium obtained during bleeding 
periods. The mucosa undergoes a moderate proliferation but continued medication does not necessarily result in an increased 
change. (3a, 5/9/39, 115 mg.; 3b, 8/8/39, 205 mg.; 3c, 4/2/40, 415 mg.) Fig. 4. ENDOMETRIUM OBTAINED EARLY IN THE BLFEDING 


PHASE SHOWING MODERATE PROLIFERATION 


sufficient to alleviate all the hot flushes and most of 
the other menopausal symptoms. The hot flush is the 
only true menopausal symptom and its disappearance 
can be used as an indication of successful therapy. 
Nervous phenomena and headaches are less consistent 
end points. 

During the first six months of our investigation, the 
oral dose of stilbestrol varied within wide limits. 
Some women received 0.1 mg. daily and obtained lit- 
tle or no relief. Some were given as much as 5.0 mg. 
per day, with almost invariable relief of their hot 
flushes, nervousness, and depression but with a dis- 
tinctly higher incidence of nausea. Gradually, we be- 
came impressed with the fact that most women could 
tolerate 1.0 mg. of stilbestrol a day by mouth com- 
fortably and be completely relieved of their symp- 
toms. For the past year and a quarter we have em- 
ployed the following plan in treating patients in the 
menopause. When the woman presents herself with 
menopausal symptoms, a most careful examination is 
made to rule out any existing pathology. The complex 
picture of the menopause at a period of life when seri- 
ous pathologic changes have their insidious onset may 
mask their presence, and one must be certain that 
there is no organic disease in the individual who is 
being treated for the menopause. Our patients are 
then started on a dose of 1.0 mg. by mouth daily taken 
at bedtime. The patients return every month for care- 
ful observation and laboratory examination. The hot 
flushes usually disappear within three or four days 
and should not return while the patient is under ob- 
servation. At the end of 3 months the daily oral dose 
is reduced to 0.5 mg. The majority of patients have no 
recurrence of symptoms on reducing their dosage in 
this way. A few women experience an occasional hot 
flush and the amount of stilbestrol has to be increased. 
The 0.5 mg. daily dose is maintained from 3 to 6 


months when the amount is again reduced to 0.5 mg 
every other day and again every third or fourth day. 
In most patients under treatment the drug can be 
discontinued at the end of a year without the return 
of hot flushes or other menopausal complaints. 

Of the more than 400 women in the menopause 
treated with stilbestrol, it was possible to follow 272 
for a sufficient length of time to make observations of 
value. The menopause had a natural onset in 132 
women and it was induced artificially in 140. Of the 
latter group radiation brought on the climacteric in 20 
and surgical removal of the ovaries in 120. The dis- 
tribution of the various age groups is shown in Table 
2. 

The relief of menopausal symptoms occurs very 
soon after the onset of therapy. The most marked ef- 
fect is the disappearance of the hot flushes. Although 
this vasomotor symptom is the most reliable indicator 
of the climacteric, numerous other symptoms are 
usually present. Nervousness and insomnia are gen- 
erally improved. The headaches may be improved if 
they had their onset in the menopausal period, other- 
wise they are not likely to be affected. Patients develop 
a sense of well-being. They volunteer the fact that 
they have not felt so well in years. 

In women passing through the natural menopause 
the use of stilbestrol is sometimes attended with ir- 
regular and even prolonged uterine bleeding. This is 
most often seen when the drug is withdrawn (estro- 
gen withdrawal effect) but it may rarely occur among 
patient on a constant dose of stilbestrol (fig. 3). The 
amount of blood lost is practically never serious, but 
the potential significance of bleeding at the time of the 
climacteric makes the appearance of this symptom a 
matter for concern. Occasionally a diagnostic curet- 
tage may have to be performed to rule out the co- 
incidental occurrence of a uterine malignancy. 
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The artificially induced menopause can be treated 
more satisfactorily than the natural menopause be- 
cause the onset of the former is sudden and complete. 
The flame of estrogenic activity goes out without 
flickering. About two weeks after surgery meno 
pausal symptoms begin and continue with unabated 
violence for 12 to 18 months. Therapy should com- 
mence as soon as the hot flushes are manifest. Careful 
follow-up of the patient in the manner described will 
result in the complete termination of the menopausal 
syndrome within a year. 

A limited number of patients who had a meno- 
pause induced by surgery were placed on 1 mg. of 
stilbestrol per day on discharge from the hospital. 
These women continued on therapy as previously de- 
scribed. They never experienced menopausal symp- 
toms of any kind and were not aware of passing 
through a critical readjustment. The results achieved 
in this small group of women would indicate that the 
prophylactic treatment of the menopause in women 
who have an artificial induction may be the most de- 
sirable way of managing this complication. 

Post-menopausal vaginitis. Davis in 1935 (7, 8, 9) 
first demonstrated the value of estrogens in the treat- 
ment of post-menopausal vaginitis. The development 
of vaginitis follows an inflammation superimposed on 
the physiologically atrophic mucosa of the vagina. 
The exciting agent may be some minor trauma which 
injures the low inactive squamous epithelium. The 
patient develops a sensation of burning or itching, 
dysuria, frequency, and a serosanguineous or gluey 
discharge. Estrogens rapidly convert the atrophic 
squamous epithelium into a normal active mucosa. 
This change results in a rapid disappearance of the 
cellular infiltration beneath the mucosa and the es- 
tablishment of a normal biologic flora. Pathogenic or- 
ganisms disappear and all symptoms subside. 

Thirty-six women with post-menopausal vaginitis 
were treated with stilbestrol. A small 0.5 mg. vaginal 
suppository was used each evening for 6 to 8 weeks. 
There was only one recurrence in this group and this 
patient responded to a second period of treatment. 
The simplicity of this therapy, the immediate and 
complete relief provided the patient, and the absence 
of untoward effects makes this management ideal. 

Chronic atrophic dermatitis. This condition of the 
vulva and kraurosis vulvae represent atrophic condi- 
tions of the post-menopausal period. Estrogens do not 
readily affect these external structures. A number of 
investigators have reported good results following the 
use of large doses of the natural estrogens. These re- 
ports induced us to try stilbestrol in these complica- 
tions. Nineteen women were treated with oral and 
suppository administration of stilbestrol. They re- 
ceived 1.0 mg. per day for periods varying from 60 to 
120 days, and a few received even higher daily doses. 
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In an occasional patient the itching was ameliorated 
to some extent but most of the women continued to 
complain of this troublesome symptom. The patho- 
logic changes in the skin were not altered nor was the 
course of the disease halted. Estrogens apparently do 
not influence the external genitalia to any great de- 
gree. Unlike the upper two-thirds of the vaginal 
mucosa, which is of Miillerian origin, the vulvar 
structures develop from the urogenital plate, and are 
not highly responsive to estrogenic control. 


Primary and Secondary Amenorrhea 


Primary and secondary amenorrhea may be the re- 
sult of pituitary or ovarian failure. Hypoévarianism is 
usually found in the individual in whom there is a 
failure of somatic and sexual differentiation in the 
presence of a retardation of epiphyseal closure and 
skeletal overgrowth. The diagnosis of ovarian failure 
must often be made by a process of exclusion. Where 
the pituitary is primarily at fault the logical therapy 
should be the use of gonadotropic preparations. Re- 
ceptive ovaries should respond to gonadotropic stimu- 
lation. On the other hand, in primary hypoévarianism 
no amount of pituitary stimulation will avail. In these 
cases substitution therapy by means of estrogens of- 
fers the only successful form of treatment. It is possi- 
ble that prolonged estrogenic therapy may likewise 
have a stimulating action on the abnormal ovaries. 
Furthermore, there is no good evidence that pro- 
longed estrogenic medication will produce harmful 
effects on the pituitary. For women requiring sub- 
stitutional estrogenic treatment, stilbestrol is ideally 
suited since it can be taken by mouth at a minimum 
of expense. 

The present series includes 10 patients with pri- 
mary and 14 with secondary amenorrhea. A more sa- 
tisfactory type of response has been obtained in the 
former than in the latter, though in both groups it 
was possible to produce uterine bleeding at varying 
intervals. It cannot be overemphasized that in these 
cases, as elsewhere in endocrine therapy, treatment is 
probably purely substitutional, and to obtain results, 
hormones and hormone-like drugs must be adminis- 
tered at an effective dose level and for a sufficient 
length of time. This “sufficient length of time” may 
well be 20 to 30 years in women with primary amen- 
orrhea. Stilbestrol provides an available potent estro- 
gen, effective by mouth, and where the indication for 
estrogenic therapy exists, its use is followed by clear- 
cut and precise results. In cases of primary amenor- 
rhea associated with definite hypodévarianism, stil- 
bestrol at a maintenance oral dose level of 1.0 mg. 
daily brings the secondary sex characters to an aver- 
age state of development and keeps them there as long 
as its use is continued. Bleeding occurs more or less 
irregularly in some individuals on a constant dose, and 
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it can be produced with a high degree of regularity by 
withdrawing the drug for 10 to 14 days at intervals 
(estrin withdrawal effect). Patients with secondary 
amenorrhea are well-suited to such substitution ther- 
apy and respond in the same way. Bleeding produced 
by estrogens obviously represents anovulatory men- 
struation (fig. 4). The physiologic usefulness of such 
periods may well be questioned, but uterine bleeding 
is often of profound psychologic importance to the 
patient. When a woman bleeds occasionally, she feels 
“normal” and socially adequate. When she does not, 
she feels “queer” and socially inferior. If the physician 
is unable to make atrophic or rudimentary ovaries re- 
spond to gonadotropic stimulation, he may still ren- 
der the patient a legitimate service by producing 
these anovulatory menstrual periods. Actually of far 
greater importance is the development and mainte- 
nance of normal secondary sex characteristics, which 
qualify the woman for a more completely satisfying 
life. But such treatment will in most cases have to be 
carried on for the duration of the woman's sexual 
career. If future observations confirm the impression 
that such long continued treatment is safe, there can 
be no objection to such substitution therapy. 

The following case history is typical of the group 
of young women with primary amenorrhea. 

S.B. (Unit No. 150466). This patient, now 22, had 
never menstruated when she came to our clinic in 1936 
at the age of 18. She had been treated elsewhere for her 
amenorrhea since 1934. At 11 years of age a scanty growth 
of pubic and axillary hair had appeared, but no further 
secondary sexual development occurred and she retained 
the square shoulders, narrow and box-like hips and juve- 
nile facies of the pre-pubertal girl. 

When first seen by us in 1936 her appearance was typi- 
cally pre-adolescent. There were practically no breasts 
and the pale areolae measured only 8 mm. Tiny, flat nipples 
resembled those of a 6-year-old. The pubic and axillary 
hair was thin and sparse; the labia were almost nonexist- 
ent, and the vagina which admitted a finger-tip with 
difficulty was narrow, short and smooth-walled. The 
uterus was small and consisted mostly of cervix. No ad- 
nexae could be palpated. Basal metabolism rates ranged 
between —g and —17. The visual fields were normal. 
X-ray studies revealed normal epiphyses with delayed clo- 
sure in the proximal phalanges. There was no abnormality 
of the sella turcica. 

From 1936 to 1938 the patient received mainly gonado- 
tropic preparations, latterly supplemented by parenteral 
administration of natural estrogen in single doses of 20,000 
to 100,000 1.U. preceding courses of equine gonadotropin. 
No vaginal bleeding and very little change in the patient's 
physical state occurred. 

On May 1, 1939 the patient was placed on 1 mg. stil- 
bestrol by mouth daily and she has continued this routine 
dose with occasional brief rest periods to the present time. 
There has been no intolerance. Except for a sharp and 
permanent increase in the hemoglobin level from 8.8 gm. 
% to 13.8% with cell volumes respectively of 25 and 
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41%, there have been no significant changes in laboratory 
findings. Very striking changes in the appearance and per- 
sonality of this patient occurred within four months, as 
the photographs show (fig. 5) and the patient has men- 
struated at intervals of from 4 to 8 weeks, usually requir- 
ing withdrawal of the stilbestrol to invoke bleeding. The 
breasts and external genitalia are now entirely normal in 
appearance except for marked pigmentation about the 





Fig. 5. S. B. Unit No. 150466. a. Before the onset of therapy 
b. After 4 months of stilbestrol. c. Breasts before the onset of 
therapy. d. Breasts after four months of stilbestrol. Note the deep 
pigmentation of the areolae and the nipples. 
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nipple and in the linea abdominalis. This pigmentation is 
of great interest and its significance and mechanism of 
formation is being investigated at the present time. The 
patient's outlook on life has improved immeasurably. 


Suppression of Lactation 


During the past two years we have used stilbes- 
trol for the suppression of lactation. Although the 
estrogens stimulate the growth and development of 
the duct system, they exert an inhibitory effect on the 
glandular portions of the breast. The results in the 
study of 125 patients carefully followed by Dr. C. 
Louise Clancy, have been reported separately but a 
short summary of this group of patients may be per- 
tinent to this paper. These women received a 5.0 
mg. tablet of stilbestrol by mouth as soon as it was de- 
termined to suppress lactation. This daily dosage was 
continued for 8 to 10 days. When therapy was insti- 
tuted immediately after delivery, the breasts re- 
mained soft and no engorgement whatever occurred. 
When treatment was instituted after a period of 
nursing, some engorgement took place but it never 
became excessive or painful. The breasts returned 
to their quiescent state within 48 hours after the on- 
set of treatment. No binder, ice-cape nor limitation 
of fluid were used nor were they necessary because of 
discomfort. In a small group of patients a very slight 
secretion of milk recurred after the cessation of treat- 
ment. This recurrence was neither troublesome nor 
did it demand treatment. A very striking observation 
is the fact that there were no evidences of toxicity in 
the entire group of puerperal women. It is possible 
that the puerperal state provides some sort of an im- 
munity. 


Dysmenorrhea 


The natural estrogens have been used in the treat- 
ment of painful menstruation in patients in whom a 
lack of normal development of the reproductive organ 
exists. Estrogens will promote growth of the uterus 
so that an infantile organ can be stimulated to reach 
normal adult proportions. Carefully selected cases 
may benefit by the use of estrogens. 

Silbestrol has been used in a small group of these 
young women with infantile genitalia. The drug pro- 
vides an easy means of maintaining a constant level of 
estrogen necessary to produce growth changes. Some 
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of these young women improved greatly under this 
treatment. Continued observations over long periods 
of time will be necessary to evaluate the usefulness of 
estrogens in dysmenorrhea. 


SUMMARY 


Stilbestrol, a new synthetic estrogen, has ex- 
traordinary clinical possibilities because it is effective 
by oral administration. The daily consumption of 
1 mg. of the drug will substitute to a large measure 
for the estrogenic role of normal ovarian function. 
The menopause is ideally treated with this new es- 
trogen. Substitution therapy for the patient with 
primary and secondary amenorrhea or hypodévarian- 
ism is rational and entirely feasible. The treatment of 
post-menopausal vaginitis is simple and most effec- 
tive. Lactation can be suppressed without discom- 
fort or interference with the normal routine. 

Careful clinical and laboratory observations car- 
ried out over a period of nearly two years have given 
no evidence of serious toxic reactions. Nausea does 
occur but it is rarely troublesome. Numerous side-ef- 
fects observed by some investigators have been con- 
spicuous by their absence. It is possible that some pa- 
tients may not be able to take these new estrogens. 
Hexestrol under study at the present time may ex- 
hibit greater freedom from even mild undesirable ef- 
fects. One thing is certain, and that is these new 
2strogenic drugs add potent weapons to our endo- 
crine armamentarium. Only continued careful ob- 
servations and more extended studies particularly 
with the newer derivatives of stilbene will determine 
their ultimate value. 
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RECURRING ULCERATIVE 


STOMATITIS 
AND VULVITIS 


ECURRING ULCERATIVE STOMATITIS with coex- 
R istent genital ulcers has been recognized in 
women as a disease entity since 1895 (1). This 
syndrome has received many names, and various the- 
ories as to its etiology have been proposed. Three of 
these are: first, that it is an acute infectious disease; 
second, that it is a tuberculid, and third, that it is due 
to some type of ovarian dysfunction. 

Wein and Perlstein reviewed the literature in 1932 
(1) and reported their observations on a patient with 
this disorder. They concluded that an ovarian dys- 
function was the primary cause, and that it was not 
an infectious disease. Ziserman in 1935 (2) and Whit- 
low in 1936 (3) reached similar conclusions. Ziserman 
(2) was the first to attempt a therapeutic approach 
based on an endocrine etiology. In his patient he ob- 
served evidence of ovarian dysfunction, and by the 
use of gonadotropic endocrine substances he obtained 
a good therapeutic result. 

Prinz and Greenbaum (4) state that ovarian sub- 
stances have been shown to be of value in the treat- 
ment of recurring oral ulcers which coexist with va- 
ginal lesions. They do not cite any specific instances in 
which this type of treatmient has been used; neither 
do they give the indications for its employment nor 
the type of ovarian substance which has been found 
to be useful. Ziskin (5) has shown clinically and ex- 
perimentally that estrogens are necessary for the 
maintenance of a healthy state in the oral tissues of 
monkeys and of women. He has not, however, to our 
knowledge, published any observations on the clinical 
use of estrogens for this specific purpose. 

There are reports that suggest that this syndrome 
is not confined to females, but that males may have 
similar recurring ulcerative lesions of the mouth and 
genitalia (6, 7, 8). 

At Duke Hospital we have observed a female pa- 
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tient who suffered from recurring attacks of ulcera- 
tive stomatitis and vulvitis for over four years. These 
lesions were resistant to the usual forms of therapy, 
but when estrogen was administered prompt healing 
occurred. Because of the seeming rarity of this condi 
tion, only three cases having been reported in the 
American literature, and because we believe that 
sex-endocrine therapy has a specific curative effect, 
we are reporting our observations in detail. 


CASE REPORT 


On March 13, 1939, Mrs. A. M. M., (A 4436) a 74 
year-old white woman was re-admitted to the hospital for 
the fifth time with the chief complaint of painful ulcers of 
the mouth and burning of the eyes of four years duration. 
Her family history was negative. The marital history re- 
vealed that she had been married 52 years, and that she 
had been pregnant seven times. One pregnancy terminated 
as a miscarriage; the others went to full term and were 
uneventful, but only four children are living. The past 
history was negative. She had been edentulous for 20 
years, but dental plates had been used without difficulty 
until the onset of her present illness. Mild respiratory in- 
fections were frequent. Menarche occurred at the age of 
13, and there had been no menstrual abnormalities. At 
the age of 48 she underwent an uneventful menopause. 

The present illness began about four years prior to this 
hospital admission. At that time, during an attack of 
“bronchitis,” she developed painful ulcers of the mouth, 
dryness and burning of the eyes and a burning sensation 
in the region of the vulva. She had been forced to limit 
her diet to liquid and semi-solid foods because of the severe 
oral pain. Her physician at first made a diagnosis of pel 
lagra, but anti-pellagra therapy did not relieve the symp- 
toms. Other types of therapy were then resorted to, in- 
cluding preparations of arsenic, but none gave permanent 
relief. Periods of temporary remission have occurred dur- 
ing the four years of her illness, none of which was, ap- 
parently, of more than two months duration. Relapses 
came on suddenly and were in every instance concomitant 
with a respiratory infection. During a period of 8 months, 
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from July 1938 to March 1939, the patient was admitted 
to this hospital 5 times. On each occasion the symptoms 
and signs were those of an acute relapse of the ulcerative 
stomatitis and vulvitis. 

During the previous periods of hospitalization various 
diagnoses were considered, among which vitamin A de- 
ficiency seemed at first the most probable (9). Later a 
B-complex deficiency state seemed more probable (10, 11). 
Corrective dietary measures and intensive supplementary 
vitamin therapy proved, however, to be of no lasting 
benefit. The possibility of some disorder of the gastro- 
intestinal tract which would prevent the absorption and 
utilization of orally administered vitamins was considered. 
No anatomical or functional abnormalities could be found. 
Nevertheless, the use of parenteral routes for the admin- 
istration of vitamins, or their precursors, was then resorted 
to. A remission occurred, but this proved to be only 
temporary. 

Sprue, pernicious anemia, and the Plummer-Vincent 
syndrome were each considered, as were tuberculosis, 
fungus infections, and infection by the fusiform bacillus 
and symbiotic organisms, but no evidence of any of these 
was discovered. 

Cultures of material from the lesions were made re- 
peatedly, and approximately the same organisms were 
recovered each time. These were hemolytic Staphylococcus 
aureus, alpha hemolytic Streptococcus, and a non-hemolytic 
anaerobic streptococcus. The Baccilus crassus was not 
found. Autogenous vaccines were prepared, and the pa- 
tient was skin tested to these by the intradermal method, 
but these test results were negative, and no improvement 
was observed after administration of the vaccines. Re- 
peated vaccination with smallpox vaccine was done, as it 
was felt the lesions might have been due to recurring in- 
fection by the virus of herpes simplex (12), but this was 
also a therapeutic failure. 

At the time of her fourth hospital admission the patient 
was placed on a regime consisting of a high vitamin, high 
caloric, soft diet. This diet was supplemented by vitamins 
in the form of tomato juice, cevitamic acid, oral and intra- 
muscular liver extract, thiamine chloride, nicotinic acid, 
dried brewer's yeast, and a fish-liver oil preparation, 
which provided a high concentration of vitamins A and D. 
Desiccated bile was given also. Local treatment in the 
form of dilute hydrogen peroxide mouth washes, followed 
by the application of a 2% aqueous solution of gentian 
violet, and a 10% solution of neoarsphenamine in glycerine 
was used. After three weeks on this regime gradual im- 
provement was noted. The patient was then discharged 
to continue these treatments at home. She did this and 
continued to improve until about 7 days after her dis- 
charge, when she developed a cold which was followed 
by an acute exacerbation of all symptoms necessitating 
her return to the hospital. 

On physical examination the positive findings were 
essentially the same as those recorded on previous admis- 
sions. She was a 74-year-old white woman who appeared 
malnourished and dehydrated; temp. 37.2° C., pulse 80, 
resp. 18, blood pressure 110/79. She talked with difficulty 
because of the painful mouth lesions. The skin was dry, 
inelastic, and showed senile changes. The scalp hair was 
thin, and the axillary and pubic hair was scant. The sub- 
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maxillary lymph nodes were moderately enlarged, firm 
and tender. The eyes appeared dry, and there was scleral 
and conjunctival hyperemia. The mouth was edentulous 
and showed ulcerative lesions on the buccal and lingual 
surfaces. These sharply defined ulcers were of a shallow 
aphthous type with a pseudomembrane and narrow zone 
of marginal erythema. No bleeding was noted. The lesions 
varied in size from 0.5 cm. in diameter to areas two to 
three times this size. There were a few larger ulcers which 
appeared to be made up of smaller confluent lesions. In out- 
line the ulcers were roughly circular or elongated ovals. 
The buccal mucosa bilaterally, the sublingual region, the 
mucous surface of the lower lip and the tip and sides of 
the tongue were the principal sites of these lesions. The 
tongue also showed extensive papillary atrophy with the 
exception of the posterior filiform papillae. These showed 
an hypertrophy almost as great as that seen in patients 
with lingua villosa nigra. There was no sign of pulmonary 
tuberculosis or other significant pulmonary pathology. 
The breasts were atrophic. The heart and vessels were 
normal for her age. On pelvic examination several small 
ulcers were found on the vulva, which were similar to 
those found in the mouth. The vagina showed signs of 
atrophic changes and senile vaginitis. The fornices were 
obliterated and the uterus was about one-half the normal 
size; there were no pelvic masses. 

Accessory clinical studies revealed the hemoglobin to 
be 12.8 gm. (Sahli) and the R. B. C. 4,020,000; W. B. C. 
7040 with a differential formula which was not remark- 
able. Wassermann and Kahn reaction results were nega- 
tive. Urine and stool examination results were also nega- 
tive. An x-ray examination of the chest showed nothing 
remarkable. 

Course in the hospital. During her hospital stay the 
patient remained afebrile. She was placed on the same 
regime as she had been on at the time of her fourth ad- 
mission and to this it was decided to add estrogenic re- 
placement therapy. This form of endocrine treatm2nt was 
decided upon because of its reported effectiveness in cases 
of senile vaginitis (13, 14). It was felt too that in view of 
the reports of Ziserman (2) and Ziskin (5) a beneficial 
affect on the oral lesions might result. After consultation 
with the Endocrine Division, an oral estrogenic prepara- 
tion! was given in dosage of 650-day-oral units every day 
in water for a period of 11 days, then the dosage was 
increased to 1350 day-oral units; this latter dosage was 
continued throughout the remainder of her hospital stay. 

Dramatic improvement occurred after this endocrine 
preparation was started. Within 8 days definite healing of 
the oral and vulva lesions could be seen and improvement 
of the senile vaginitis was noted. Another observation 
made at that time was that the skin, which on admission 
appeared dehydrated, now became more hydrated in ap- 
pearance. This change, it is to be noted, did not become 
manifest until after estrogenic therapy had been given for 
several days, even though prior to that time the patient 
had been on an ample daily fluid intake. Daily studies of 
urinary androgen excretion were made during the patient’s 
hospital stay and these were found to average a daily 
excretion of 36 1.u. On April 13, 1939 the patient was 


1 A solution of estriol glucuronide (emmenin), kindly supplied 
by Ayerst, McKenna and Harrison, Montreal. 
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discharged from the hospital. She showed more improve- 
ment at that time than we had ever observed before with 
any of the various other regimes. At the time of her dis- 
charge she was instructed to continue on the same dietary 


and vitamin regime and to continue taking the oral estro-' 


gen preparation every day in dosage of 1350 day-oral units. 

Fortunately, since it provided an excellent control 
period, she discontinued the estrogen medication a few 
weeks after returning home, but did follow the dietary 
and vitamin medication instructions carefully for the next 
5 months. She remained free of symptoms until October 
of 1939 when another relapse occurred. This was pre- 
ceded by a mild respiratory, infection, and on October 
10th, 5 days after the onset of her symptoms, she returned 
to the hospital. The findings on physical examination 
were found to be the same as those previously recorded. 
On this admission it was decided to withold estrogenic 
therapy for a while but to give all of the other medications 
she had received on previous periods of hospitalization. 
After 7 days of observation the lesions were worse than 
on admission, and because of the severe pain endocrine 
medication was begun. The same oral estrogen (emmenin) 
which had been used before was given in daily doses of 
1800 day-oral units. Within 72 hours there was subjective 
improvement and the ulcers showed evidence of healing. 
Vaginal smears revealed definite mucosal changes with 
secretions. On October 23rd the patient was discharged 
much improved. 

She has since continued to take the estrogenic substance 
every day. For one month a daily dose of 1800 day-oral 
units was given, but 6 months ago it was decided to reduce 
the dose to 720 day-oral units. In spite of the fact that in 
the past 7 months the patient has had at least two episodes 
of respiratory infection, there has been no relapse. At 
present the oral mucosa appears perfectly normal and 
there are no scars. The vulval ulcers healed without scar- 
ring and the vaginal mucosa is now of the secretory type 
with no evidence of vaginitis. It was not until one month 
ago, however, that any improvement of the ocular symp- 
toms was noted. The eyes are now no longer painful, tears 
are secreted and there is no conjunctival or scleral hyper- 
emia. 

DISCUSSION 


In view of the satisfactory therapeutic effect of es- 
trogenic therapy on this patient’s ulcerative stomati- 
tis and vulvitis, after the proven lack of permanent 
response to other forms of therapy, it seems justifiable 
to conclude that an estrogenic deficiency was the fun- 
damental cause for the lesions. 

It does not seem likely in view of this patient's clin- 
ical course during the past 7 months that any specific 
infectious agent was responsible for the ulcers. Upper 
respiratory infection probably played no role other 
than that of upsetting the defense mechanisms of the 
body. Stokes and Callaway have called attention to 
this phenomenon in instances of various types of der- 
matosis (18). It is probable, however, that the ulcers 
were in part produced by secondarily invading organ- 
isms, such as has been observed in vitamin deficiency 
states, where it has been shown that vitamin replace- 
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ment therapy alone will cause the lesions to heal (17). 
That estrogens are necessary for the healthy growth 
and repair of epithelial tissues has been demonstrated 
adequately by Ziskin (5) and others (13, 14, 15) and 
Sprunt (16) has shown very clearly that estrogenic 
substances enter into the defense mechanism of epi- 
thelial tissue against invading infectious agents. 
Although the patient here reported is much older 
than those previously recorded, it seems obvious that 
she falls into the classification of recurring ulcerative 
stomatitis and vulvitis as described by Wein and 
Perlstein (1), Ziserman (2) and Whitlow (3). All the 
diagnostic criteria they enumerated have been ob- 
served, namely, recurring ulcerative oral and vulval 
lesions which resisted the usual therapeutic measures; 
repeated relapses occurring concomitantly with respir- 
atory infections, and evidence of ovarian dysfunction. 
The lesions as observed in this patient did not ful- 
fill the diagnostic criteria of either periadenitis mucosa 
necrotica recurrens or ulcus vulvae acutum (19) and, 
as O'Leary (6) has previously pointed out, it would 
seem best not to associate these names with this syn- 
drome. The eye symptoms probably are a part of this 
syndrome. These have been observed before (20). 


SUMMARY 

An instance of recurring ulcerative stomatitis and 
vulvitis is reported in which an oral estrogenic prepa- 
ration proved to be very effective therapeutically. 
The syndrome is believed to be produced primarily by 
estrogen deficiency, the ulcerative lesions being due in 
part to secondarily invading organisms. 
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EUNUCHOIDISM 


of primary, preadolescent deficiency of the gon- 

ads is characterized by inadequate develop- 
ment of the external genital organs and an almost 
complete lack of secondary sexual characteristics to- 
gether with a peculiar skeletal build (disproportion 
between the trunk and the extremities). This endo- 
crinopathy, although by no means rare in the female, 
is better known in and usually associated with the 
male sex. This may explain why milder degrees of 
eunuchoidism in the female are frequently not recog- 
nized and patients with this condition receive treat- 
ment, if at all, only for symptomatic reasons such as 
complaints of amenorrhea, hypomenorrhea or dys- 
menorrhea. 

The female eunuchoid, that is the woman whose 
gonads were damaged at an early period of life or 
failed to develop properly from their embryonal an- 
lage, is built in the same characteristic way as the 
male eunuchoid. The physical characteristics include: 
at least average or above average height; excess of the 
span over the height, and of the lower over the upper 
part of the body; and more or less complete absence of 
mammary development and pubic hair growth. The 
internal genitals are hypoplastic and primary amenor- 
rhea prevails. A subnutritional state is associated 
with varied nervous manifestations and a decidedly 
abnormal mental attitude in respect to the patient's 
environment and her relationship to the outside 
world. It has been shown that appropriate treatment 
with estrogens, instituted during adolescence, is ca- 
pable of adjusting both defective physical develop- 
ment and precarious psychological situation.1 The 
following case report illustrates the therapeutic re- 
sults obtainable by appropriate endocrine manage- 
ment. 


T: SYNDROME of eunuchoidism as an expression 


Dorothy V., age 19, was admitted to the Gynecological 
Clinic of Gouverneur Hospital, Oct. 10, 1938. Examina- 
tion revealed hypoplastic external genitalia, commensu- 
rate to those in a child 9 or 10 years of age. The vaginal 
orifice was open but admitted only one finger; the uterus 
was very small, of the infantile type, with elongated, but 
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minute cervix. The clitoris was rudimentary. Adnexa 
were not felt on rectal examination. 

The patient sustained an attack of appendicitis neces- 
sitating appendectomy. She revisited the Clinic again on 
Jan. 26, 1939, complaining of vaginal discharge. Slight in- 
flammation of the external os was found and received the 
necessary attention. The patient, who had never men- 
struated, was referred to the Endocrine Clinic. 

The patient weighed 103 Ib.; height was 6534 in.; span 
70% in.; upper half of body from vertex to symphysis 31 
in.; lower half 3414 in. Slight lordosis, protruding ab- 
domen, hunched shoulders and forward slump of head, in- 
dicative of poor muscle tone, combined to produce a 
strikingly bad posture. Skeletal muscles and integument 
were flabby. Pubic and axillary hair was practically ab- 
sent. Breast development was negligible: no glandular tis- 
sue was palpable on the left side and very little on the 
right side. Nipples were small, comparable to those of a 
young male, with very little areolar pigmentation. 

Vaginal smears revealed the presence of polynuclear 
leucocytes and mostly small epithelial cells. Results of 
hormone studies of the urine were negative for estrin and 
indicative of the presence of at least 100 M.u. of FSH per 
liter. 

X-ray examination of the skull showed a bulging frontal 
sinus of considerable depth, branching out laterally on 
both sides, corroborating the diagnosis of primary ovarian 
insufficiency with secondary hyperpituitarism. 

Treatment consisted of injections of estradiol benzoate, 
4000 R.U. twice weekly accompanied each time by 1 cc. 
of an unfractionated anterior pituitary extract.? Simulta- 
neously, an ointment containing 3.3 mg. of estradiol 
benzoate per ounce was applied to the region of the 
breasts. Inunction covering the nipples and over an area 
of 4 inches in diameter was performed nightly with ap- 
plication of about 5 gm. of the ointment each time. Subse- 
quently, an ointment containing 5 mg. stilbestrol per 
ounce was substituted. 

Repeated gynecological checkups showed definite re- 
sponse in the development of the internal genitalia. The 
growth of the uterus proceeded at such a rate that the 
uterine canal increased to 21%4 inches in depth within 6 
months time. This was accompanied by commensurate 
development of the external genitalia, growth of the breast 
glands and development of pubic and axillary hair. Growth 
and maturation continued steadily and by October 1939, 
the external genitalia presented the appearance of those 
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of an adult woman. The clitoris was also larger; the vagi- 
nal orifice permitted introduction of two fingers with ease 
and without pain. Pubic and vulvar hair had grown in 
greater abundance. The uterus was still small but practi- 
cally within normal range and the cervix felt soft to the 
touch. The development of the genital organs had reached 
a point which enabled the patient to become married and 
to live what appears to be a satisfactory sexual life. 

The patient ‘menstruated” for the first time in her life 
on May 18, 1939 after receiving 21 injections (a total of 
84,000 R.U.) of estradiol benzoate. The treatment was 
continued unchanged until November and continued 
thereafter for 6 more weeks with a reduced dosage of 2000 
R.U. twice weekly. During the whole treatment, a total 
of 180,000 R.U. was given. 

Menstrual bleeding was fairly regular following the 
May period: patient skipped the June, November and 
February periods, but otherwise menstruated punctually 
until March 1940. X-ray examination following injection 
of lipiodol at that time revealed the following: the uterus 
appeared in oblique position, to the right of the midline, 
bending towards the right side. The lipiodol filled a uter- 
ine cavity of fair size and penetrated into the right tube; 
subsequently, it was visualized entering the peritoneal 
cavity. There was no filling of the left tube; one might 
well suspect the absence or considerable hypoplasia of 
the left adnexa accompanying the malformation of the 
uterus which seems to represent only the right half of the 
organ. 

Vaginal smears performed after discontinuation of es- 
trogen treatment revealed absence of leukocytes and prev- 
alence of large epithelial cells with pyknotic nuclei. 


DISCUSSION 


The satisfactory development of the external gen- 
itals and the uterus in the course of treatment was 
accompanied by signs of sexual maturation and con- 
spicuous enlargement of the breast glands. The 
changes in the appearance of the patient as well as in 
her personality were even more striking. The gain of 
24 lb. in weight was not so conpsicuous for the newly 
acquired fat deposits are rather evenly distributed, so 
that the abdomen appears to be flatter and less pro- 
truding than before treatment. Simultaneously, the 
whole body acquired definitely feminine and less 
angular outlines. Improvement of the posture was 
also noticeable: the previous slouch yielded to a nor- 
mal gait and erect stature, indicative of the markedly 
improved muscular tone. The changes in the patient’s 
demeanor and countenance, expressing far better 
emotional balance and contentment are even more 
striking than the physical transformation. 

It is well known and hardly deserves to be record- 
ed that uterine bleeding, growth of hypoplastic gen- 
ital organs and manifestation of secondary sexual char- 
acteristics can be produced by estrogen therapy. 
These results, however, were achieved in this case 
with relatively small doses of estrogen, not exceeding 
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a total of 180,000 R.u., spread over a period of 10 
months. The striking development of the breast 
glands, especially on the right side, is worthy of com- 
ment. Previous experience, both of our own and of 
other investigators, has shown that even liberal ad- 
ministration of estrogen by injection fails to produce 
satisfactory enlargement of hypoplastic breast glands. 
This case corroborates Mac Bryde’s findings* and 
proves that the breast gland responds better to local 
application of the hormone. The fact that the results 
of stimulation of the right breast, outranked that of 
the left side, is in accord with the more complete hy- 
poplasia of the left breast. It is interesting to note in 
this connection that the left side of the internal gen- 
ital tract was also more hypoplastic and failed to re- 
spond to estrogen therapy. 

The establishment of a menstrual cycle in a case of 
primary amenorrhea in the eunuchoid is of particular 
significance, especially if we consider that cyclic uter- 
ine bleeding occurred even after termination of the 
treatment. This indicates active function on the part 
of the patient’s ovary. It is difficult to determine how 
well the ovaries functioned before treatment. It must 
be admitted, however, that hypoplastic ovaries may 
produce some estrogen although not enough to stim- 
ulate normal genital development. At any rate, the 
amount of estrogen available was not enough to pre- 
vent the near castrational appearance of the vaginal 
epithelium nor did it permit measurable urinary es- 
trogen excretion. The successful rehabilitation of the 
uterus by means of endocrine therapy was followed 
by endogenous estrogen production, apparently ade- 
quate to maintain a menstrual cycle. It seems likely, 
therefore, that the function of the ovaries, or rather 
the right ovary, also improved in the course of the 
treatment, either as a result of stimulation by the in- 
jected pituitary extracts or in response to stimulation 
of the pituitary by estrogen therapy. The latter pos- 
sibility must be entertained in view of the fact that 
estrogen was injected intermittently in relatively 
small doses and at sufficient intervals to permit in- 
creased secretion of FSH following temporary sup- 
pression of anterior pituitary activity. 

Hypoplasia of the gonads with hypoplasia of the 
genital organs and lack of sexual maturation occurs not 
only in association with the clinical syndrome of 
eunuchoidism, but also accompanied by clinical fea- 
tures, usually summarized under the term infantilism. 
The distinction between the syndromes of infantilism 
and eunuchoidism is not always drawn with sufficient 
clarity. It would seem that the term, infantilism, 
should be applied to such cases only in which genital 
hypoplasia is accompanied by inadequate growth and 
general retardation of somatic development. This 


3 Mac Bryne, C. M.: J.A.M.A. 112: 1045. 1939. 
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combination of symptoms is indicative of a failure of 
the anterior lobe of the pituitary, either coincidental 
with, or actually accounting for the hypoplasia of the 
gonads. In other words, infantilism represents the 
combination of hypogonadism with congenital or 
childhood hypopituitarism. The eunuchoid, in con- 
tradistinction, presents a number of features indica- 
tive of good, or even excessive anterior pituitary ac- 
tivity. These features include normal or above aver- 
age height, accentuated growth of the long bones 
accounting for the typical skeletal disproportion and 
often a strikingly accentuated expansion of the frontal 
and other paranasal sinuses. The demonstration of the 
follicle stimulating hormone in the urine represents 
additional evidence. Cases of eunuchoidism in which 
the overactivity of the anterior lobe is accompanied 
by hyperplastic changes or adenomatous growth, 
eventually develop acromegaloid characteristics. The 
other, and more common alternative, is the subse- 
quent manifestation of signs of hypopituitarism such 
as obesity of the girdle type, low blood sugar, in- 
creased sugar tolerance and the general “hypopitui- 
tary’ metabolic pattern;* thickening and sclerosis of 


4 GotpzeHer, A.: The Endocrine Glands, Appleton-Century. 
1939. 
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the cranial vault are noted on roentgenologic exami- 
nation. The changes of the clinical picture, however, 
appear only later on and should be interpreted as evi- 
dence that the pituitary, following its overactivity 
during childhood and adolescence, eventually suc- 
cumbed to exhaustion. Similar ‘burning out’ is well 
known in other hyperactive endocrine conditions 
(thyroid) and is not unusual in such hyperpituitary 
states as acromegaly or postcastrational hyperpitui- 
tarism. 
SUMMARY 

A case of eunuchoidism and the results of treat- 
ment with estrogen are presented. These results are: 
adequate development of uterus and external geni- 
talia; manifestation of secondary sexual characteristics 
and establishment of a menstrual cycle; marked devel- 
opment of breasts, attributed mainly to topical ad- 
ministration of estrogen; striking changes in the 
general appearance and personality of the patient. 

The relationship of infantilism and eunuchoidism 
is discussed and eunuchoidism is defined as a syn- 
drome due to a primary hypogonad state accompa- 
nied by secondary hyperpituitarism. 
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RATE OF EXCRETION OF URINARY 


ANDROGENS AFTER 


ADMINISTRA- 


TION OF TESTOSTERONE BY VARI 
OUS ROUTES’ 


URINARY ANDROGENS 


administered either intramuscularly or orally re- 

sults in increased excretion of androgens in the 
urine (1). Moreover, the metabolic fate of testoster- 
one when administered by either route appears to be 
similar in that in each case androsterone was identified 
as the principal androgen in the urine (2, 3). Yet, al- 
though the hormone is atsorbed from the gastrointes- 
tinal tract, enters the blood stream and appears as the 
same urinary androgen found after intramuscular in- 
jection, orally administered testosterone was ob- 
served to ke less than one-sixth as effective clinically 
as the same amount injected intramuscularly (1). It 
was suggested that the lack of physiological activity 
of orally administered testosterone might be due to 
rapid absorption and disposition. The question arises 
as to whether the rapidity of the disposition is due to 
elimination by excretion or to inactivation by conver- 
sion to substances with less activity or to compounds 
without androgenic properties. 

The second problem toward the elucidation of 
which the following studies were planned was the 
length of time during which testosterone propionate 
remains in the body and produces androgenic effects. 
For this purpose the administration of exogenous hor- 
mone to castrate men is particularly advantageous. 
Since in these individuals the urinary levels of an- 
drogenic activity derived from endogenous sources 
are low and not subject to spontaneous increases of 
any magnitude, the presence in the urine of small 
quantities of exogenous hormone can be detected. 
The duration and extent of changes in the androgenic 
activity of the urine are described below following 
single administrations of testosterone propionate in 
various amounts and by different routes: tablets per 


I HAS BEEN OBSERVED previously that testosterone 
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os, intramuscular injections in oil and subcutaneous 
implantation in pellet form. Such data may acquire 
pertinence with reference to a third problem, the 
selection of doses and intervals for the administration 
of hormone, and afford some data concerning the man- 
ner in which the body handles exogenous androgens 
and an indirect approach to the metabolism of bodily 
produced hormone. 


MATERIALS, METHODS AND SUBJECTS 


The male hormone substance used in all experiments 
was testosterone propionate.” Oral administration was in 
the form of tablets each containing 10 mg. of the hormone. 
Peanut oil was the vehicle for intramuscular injections, all 
doses of the androgen being dissolved in 1 cc. of oil save 
that of 120 mg. for which 2 cc. was employed because of 
the limited solubility of the hormone. Injections were 
made in the upper arm. Pellets of hormone were com- 
pressed without binding substance into the form of a 
cylinder 6.5 +0.7 mm. in length, 1.8 mm. in diameter 
with a weight of 15 +1.5 mg. The mean surface area of 
the single pellet was calculated to be about 42 sq. mm. 
The pellets’ composition was as uniform as could be ex- 
pected from compression by a hand-operated vise. They 
were designed to fit a 13-gauge syringe needle, which 
served as a trocar. The site of subcutaneous implantation 
was the upper left hypogastric area. An incision 0.5 cm. in 
length was made in the skin with a scalpel to permit the 
introduction of the trocar. The trocar was loaded with 
3 pellets which were expelled 4 cm. from the edge of the 
incision. Additional implants to the desired total dose 
were made by introduction of the trocar in different direc- 
tions, radiating from the incision like spokes in a wheel 

Identical quantities of hormone were given both orally 
and intramuscularly to the same individual. Limited com 
parison was also made of the abilities of two individuals 
to utilize and dispose of similar doses. The single dose: 
employed orally were 10, 20, 40, 60, 120 and 240 mg.: 
intramuscularly, 10, 20, 40, 60 and 120 mg. An inter 


2 Testosterone propionate was furnished through the courtesy 
of the Ciba Pharmaceutical Products, Inc., under the trade name 
Perandren. 
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TABLE 1. ANDROGENIC ACTIVITY OF THE URINE IN THE HOURS SUBSEQUENT TO ADMINISTRATION OF SINGLE DOSES OF TESTOSTERONE PROPIONATE 
TO CASTRATE MEN. VALUES ARE GIVEN IN I.U. 





Excretion in Case 4! 





Excretion in Case 5? 














Hours of urine | Oral Intramuscular Oral Intramuscular 
collection | administration, mg. injection,mg. | administration, mg. injection, mg. 
| 60 | 120 | 240 | 60 | 120 | 10 20 40 | 60 10 | 20 | 40 60 
1-2 | 9 20 ~«6|| «19 | 5 8 1-6 | G6) 4.1 2.9 5 ro | 2, 3.5 
3-4 7.5 | 10.5 21.5 | 6 , 4 | @each BeEoh “9.80 20.8 fae 1.5 6.5 9.5 
5-6 4 | 26.5] ages | os 7 ae ee ee ee 0.7 | 3.8 | 7:5 | 14.5 
7-8 | | 9-5 | 20.5 | | | 
9-10 | 5.5 14 | | 
11-12 L 2.9 | 2:3 | OF 4 Ss | res [<a <3:5 2 0.8 2.8 2.9 1E.§ 
13-14 3:5: 7.5 | 7% | Esgeh <2 I <1 Kea 2 14.5 
15-24 | 0.5 2.3 6 
25-26 Peg | ; 8:9 ae | See | Sel <I EF) <aF 2.5 3-8 | 6 
27-28 =f ct | 8 | 1.8 | | | <1 
29-30 <5.% | <8 | | | 3 
31-32 | | | 
33-34 I ie a a ee 14 P<e- Lace $2 I 0.9} 2.8 ty | <5 
35-36 | | } 10 =| | | | 
37-38 <6 i 2.4 ee |< SEF | << Qs) 14 P 4 
39-48 0.5 | | <0.3 0.9 0.8 0:65| -O:§ 1.4 2.1 
49-72 | 0.2 0.3 0.3 0.6 0.5 
73-96 | lL EA 0.3 0.4 | 0O.8 
97-120 | 0.§ 0.6 0-3 | Og 
121-144 | 0.4 0.6 | 0.4 
| 0.2 0.3 


145-168 





1 Pre-administration level of excretion, 0.33 1.U. per hour. 


val of one week elapsed between administrations of re- 
pectively 10, 20, and 40 mg. Two weeks elapsed between 
tests of the oral doses of 60, 120, and 240 mg. and the 
intramuscular injections of 10 and 20 mg. Intervals of 
three weeks were allowed after 60 mg. were given intra- 
muscularly and of four weeks after 120 mg. intramuscu- 
larly. The schedule was planned so that each ingestion 
and injection was taken on the same day of the week in 
order that a similar mode of life could be followed in all 
test periods. Injections were given at 9:00 A.M. so that 
the hours of urine collection were identical in tests with 
different doses. Ingestions were at 7:00 A.M. and break- 
fast delayed until 8:00 a.m. It is realized that notwith- 
standing these precautions, many different situations 
arose from time to time to contribute inaccuracies to the 
comparison of test periods. Outstanding examples are 
coryza in case 5 after the ingestion of 20 mg., the reception 
of bad news by case 4 after 120 mg. were taken orally, and 
variations in the degree of compression of the pellets. 

The implantation of pellets was the final procedure. 
Two doses of 90 and 280 mg., respectively, were given 
to case 4. 

Complete samples of urine were collected over specified 
periods, in 2, 8 and 24-hour periods, respectively. Selec- 
tion of the number of hours was governed by a priori 
expectation of sufficient androgenic activity for assay. As 
it was seldom possible to estimate beforehand the exact 
range of androgenic values in unknown samples and since 
only limited amounts of material from certain periods of 
urine collection were available, some evaluations of andro- 
genic activity can be represented only as less than or 
greater than the range studied. Many individual assays 
were made at brief intervals rather than over periods com- 


2 Pre-administration level of excretion, 0.13 1.U. per hour. 


prising a larger number of hours. Although fluctuations 
are tobe expected due tothe utilization of short periods, the 
choice of minimal intervals has been sustained in the some- 
what immediate peak observed upon oral administration. 

The bladder was emptied and the specimen discarded 
immediately before the beginning of a series of collection 
periods. Thereafter all urine was collected and saved, in- 
cluding that which could be passed at the end of each pe- 
riod of collection. 

Extraction of the urine for androgens was carried out 
with benzene in a continuous extractor by the method of 
Gallagher et al. (4). Assays of androgenic activity were 
made on the day-old chick’s comb (5). Usually 10 chicks 
of the same sex were used in each assay with the exception 
of those samples in which the concentration of androgenic 
substance was so low as to permit the use of only 6 ani- 
mals. All values are expressed in terms of the international 
unit (1.u.), which is equivalent to the activity evoked by 
0.1 mg. of androsterone. 

The subjects were two castrated men who exhibited 
organic and physiological evidence of castration (3, 6, 7). 
The urinary levels of androgenic activity were markedly 
below those of normal adult men (4, 8, 9). Case 4 is a 
44-year-old white man, castrated surgically 22 years ago. 
The average daily urinary levels of androgenic activity 
during a 5-and a 3-day period were 8 and 7.8 1.u., respec- 
tively. Case 5 is a 45-year-old man who was surgically 
castrated 26 years ago. The average urinary level of an- 
drogenic activity over a 4-day period was 3 1.u. per day. 


RESULTS 
The data are represented in tables 1 and 2 and in 
figures 1, 2 and 3. 





| 
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TABLE 2. ANDROGENIC ACTIVITY OF THE URINE AFTER SUBCU* 
TANEOUS IMPLANTATION OF PELLETS OF TESTOSTERONE 
PROPIONATE IN Cdse 4 


Days Andro- Av. Days Andro- Av. 
after gens daily | after gens daily 
implanta- excreted excretion | implanta- excreted excretion 


tion of per24hr. for week | tion of per2shr. for week 




















go mg. | 280 mg. 
LU. Los - | 1.U. LLU. 
° 7-7.8 ° 7—7.8 
2 15 I 10 
3,4 at 2 30 
p} 33 3 34 
6,7 33 26 4 = 
14, 15 25 29 5 50 
28, 29 19 22 | 6 62 
35, 36 13 6 | 7 42 38 
| 14,15 30 36 
| 21,22 50 40 
| 28,29 — 45.5 
| 35, 36 41 45.5 
| 42, 43 18 29.5 
| 49,50 16 17 
| 56, 57 16 16 
EXCRETION LU. EXCRETION I.U. 
1st week 182 Ist week 266 
2nd week 203 2nd week 252 
3rd, 4th week 308 3rd week 280 
5th week 112 4th, sth week 637 
6th week 206 
Total 805 7th week 119 
Possibly secret- 8th week 112 
edbybody 259 
Net! 546=54.6mg. | Total 1872 
Amount implanted? 75.2 mg. | Possibly ex- 
Estimated loss in ex- | creted by 
trusion of pellet 3.0mg.| body 414 





72.2mg. Net! 1458= 145.8 mg. 
54. | Amount implanted? 234 mg. 
Recovery=——-X 100= 76% _| Estimated loss in ex- 


Net implant 








72.2 | trusion of pellet 12.5 mg. 
| Net implant 221.5 mg. 

145.8 
| Recovery= X 100= 66% 

320.5 





1 Calculated as androsterone. 
2 Calculated as testosterone. 


A. Case 5 (table 1 and fig. 1). Oral administration. Fol- 
lowing ingestion of 10 mg. of testosterone propionate, in- 
creased excretion of urinary androgenic activity was noted 
in the first 2-hour period. The collection during the fifth 
and sixth hours gave the highest values; by the 11 to 
12-hour period the titer was as low as that of the first 
2-hour period. Ingestion of 20 mg. did not produce levels 
higher than those found after 10 mg.; these results may 
have been influenced by a sudden attack of coryza on day 
1 of the test. 

Ingestion of 40 mg. gave rather high figures for hours 
1 and 2 with decreasing values thereafter, much in the 
manner of excretion after ingestion of 60 mg. by case 4. 
No explanation of the immediate peak is offered; there 
was no variation in the time intervals of urine collection. 
Levels of activity were near the lower limit of the values 
found in normal young men (4) for as long as the 33 to 34- 
hour period. 
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Fig. 1. ExcrETION OF ANDROGENS IN THE URINE FOLLOWING 
SINGLE ADMINISTRATIONS, FIRST ORALLY AND LATER INTRAMUSCU- 
LARLY, OF IDENTICAL QUANTITIES OF TESTOSTERONE PROPIONATE TO 
A CASTRATE MAN, case 5. Note the immediate and abbreviated 
excretion after each of the oral doses. Contrast this with the con- 
tinuation of elevated titers obtained with intramuscularly-in- 
jected hormone. 


After the 60 mg. dose the urinary androgenic activity 
was much greater than with small doses. Of the periods 
tested the highest values were found from the 3rd to the 
6th hours. An abrupt decrease occurred between the 6th 
and 11th hours, but androgens from an exogenous source 
were still in evidence at least as late as the 38 to 48-hour 
period. 

During the first 6 hours the change in androgenic ac- 
tivity of the urine was of a roughly similar nature and 
magnitude no matter whether 10, 20, or 40 mg. were in- 
gested. Only with the 60 mg. dose were the values ma- 
terially augmented as expected upon administration of 
progressively larger amounts of testosterone propionate. 

Intramuscular administration. Ten mg. never resulted 
in urinary androgenic levels within the range of the aver- 
age normal young man save during hours 1 to 4 when the 
excreted activity was possibly within normal range. Al- 
though the increase was slight, levels above those before 
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Fig. 2. WITH THE ADMINISTRATION TO ANOTHER CASTRATE MAN, 
Case 4, OF LARGER DOSES OF TESTOSTERONE PROPIONATE THAN ILLUS- 
TRATED IN FIGURE I, THE TITERS OF URINARY ANDROGENIC ACTIVITY 
WERE IMMEDIATELY AND PRONOUNCEDLY ELEVATED. Save with the 
dose of 120 mg. given intramuscularly, the peak of excretion was 
observed within the first ten hours. 
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Fig. 3. WALUES OBSERVED IN Case § AFTER INTRAMUSCULAR IN? 
JECTION OF 20 MG. OF TESTOSTERONE PROPIONATE. The line indicat- 
ing the course of events is arbitrary, and the drawing of it was 
influenced by the type of curve obtained after the administration 
of lesser (10 mg.) and greater (40 mg. and 60 mg.) doses to the 
same man. 


injection were maintained until at least the 38 to 48-hour 
collection. In the periods tested the highest levels of uri- 
nary activity produced by 20 mg. were observed in the 
5th and 6th hours; the amount excreted was still quite 
high in the 11 to 12-hour period. By analogy with the 
values observed after injections of 20 or 40 mg. the peak 
of excretion would already have been passed by the 13 to 
14-hour period, although the titers remained elevated to 
within the lower part of the range for the normal young 
adult male for a day and a half (fig. 3). 

In comparison with the 20 mg. dose, 40 mg. gave levels 
of urinary androgens that were higher for at least the first 
6 hours, then by the 11 to 12-hour period were roughly 
similar and remained so until after a day and a half, at 
which time higher levels were again evident; the similarity 
for 24 hours may be only apparent, since only a few assays 
were run at this time. It was clearly evident that the de- 
gree of androgenic activity was above pre-injection levels 
as late as the 73 to 96-hour period, and as long as the 
33 to 34-hour period either exceeded or was equivalent 
to that of the normal man. 
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Fig. 4. URINARY ANDROGENIC ACTIVITY (PER 24 HOURS) FOLLOWING 
SUBCUTANEOUS IMPLANTATION IN Cds€ 4 OF 90 MG. OF TESTOSTERONE 
PROPIONATE IN THE FORM OF 6 COMPRESSED PELLETS WHOSE TOTAL 
SURFACE AREA WAS ROUGHLY 250 sQ. MM. Extrusion of a portion of 
the pellets occurred at the end of the fifth week. There was little 
bodily evidence of androgenic stimulation. 
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After injection of 60 mg., markedly high levels were 
observed during the third and fourth hours, were appat- 
ently in continuous excess of the upper limits of the nor- 
mal young man’s range until at least after the 25 to 26-hour 
period, and were within the “normal” range for as long 
as 3'7 to 38 hours. On the third, fourth, and fifth days the 
amount of activity was less than that in normal young men 
but definitely greater than the quantity observed before 
the injection of hormone. 

Comparison between oral and intramuscular doses. The 
rapid excretion of ingested testosterone propionate is 
shown in that after a dose of 60 mg. the urinary levels of 
androgens fell below the average “normal” range by at 
least the 11 to 12-hour period. The androgenic material 
following intramuscular as contrasted with oral adminis- 
tration was less during the first 2 hours but (save for the 
small quantity of 10 mg.) materially higher by the 11th 
and 12th hours. All intramuscular injections save that of 
10 mg. resulted in urinary levels of about average “‘nor- 
mal” range for longer than 24 hours. 

B. Case 4. Oral administration. The course of events 
following a dose of 60 mg. was similar to that observed 
after 40 mg. to case 5. With 120 mg. a total of 133 Lu. 
were excreted in the first 8 hours. After this time in- 
creased activity was still observed as late as 26 to 28 
hours at which time the last assay was made. 

With 240 mg. fairly uniform amounts were excreted 
during the first 4 periods of 2 hours each. Greater quanti- 
ties than with the 120 mg. dose were observed at least 
as long as 13 to 14 hours. It is noteworthy that the body 
did not eliminate with rapidity a dose of this size, for at 
the end of a day and a half the excretion was still within 
the lower portion of the range in normal young men. 

Intramuscular administration. After 60 mg., 4 assays 
during 8 of the first 12 hours gave values above those of 
the average young man but below that of case 5 for the 
same dose. On the fourth and fifth days the levels were 
still above those observed before injection and of the same 
magnitude as in case 5 at this time. 

After 120 mg. the quantities excreted were far above 
the average of normal young men for at least the first 36 
hours. Appreciable elevation of urinary levels of andro- 
gens continued for 6 days. 

The same general contrast of effects between oral and 
intramuscular administration was seen as in case §. 

Comparison between results in cases 5 and 4. The doses 
which both men had in common were 60 mg. orally and 
intramuscularly. Measurements after the respective oral 
administrations were not extremely dissimilar, but case 5 
had excreted a higher level following intramuscular 
injections. 

C. Subcutaneous implantation of pellets in case 4. 
Ninety mg. (table 2 and fig. 4). The level of urinary andro- 
gens reached its greatest elevation at the end of the first 
week. Ninety mg. did not result in either entirely satis- 
factory clinical benefit or in increase in urinary androgenic 
activity to the range found in normal adult young men. 
The color of the skin became more flushed, somewhat 
darker and possibly more oily. Erections and other phe- 
nomena affected by androgens were observed but were 
not of the character induced by daily intramuscular in- 
jections of 20 mg. of testosterone propionate. Increased 





356 


urinary androgenic activity was discernible on the 35th 
and 36th days, the latest date that assays were made. 
Computation of the amount of androgen recovered in the 
urine, in terms of conversion to androsterone, was 54.6 
mg. or 76%. Since the amount excreted after the fifth 
week was not included and an appreciable portion has 
been allotted to theoretical excretion by the body, the 
actual figure may be higher. 

Two hundred and eighty mg. (table 2 and fig. 5). The 
general curve was in some respects like that obtained 
with go mg. Increased excretion may have been detectable 
on the first day and was certainly definite on the second 
day. It may be noteworthy that the peak of excretion was 
again observed from the end of the first week until the 
end of the fifth week, at which time three tiny thin pel- 
lets, a total of about 15 mg., were extruded. At the end 
of the eighth week the urinary activity was still greater 
than before pellet implantation but below the range of 
normal young men. 

The urinary androgenic titer corresponded fairly well 
with the actual clinical condition. The androgenic influ- 
ence of the implants was more pronounced than with the 
go mg. dose and was maintained for 5 weeks after which 
their influence decreased abruptly with the extrusion of 
material in which the thin pellets were found. 

The urinary androgenic substances calculated in terms 
of molecular conversion of testosterone to androsterone 
amounted to 145.8 mg. or 66%. In addition to the fac- 
tors contributing to the underestimation mentioned in the 
computation of percentage recovery of the go mg. of pel- 
lets, there was an undetermined amount of material lost 
by extrusion besides the 15 mg. of pellets that were 
detected. 


Obviously, the extrusion of pellets abbreviated the 
potentially long duration of effective androgenic stim- 
ulation that can be obtained by subcutaneous implan- 
tation of crystalline hormone (10, 11). Yet the high 
percentage recovery and clinical benefit substantiate 
the claims for the usefulness of this means of adminis- 
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Fig. 5. URINARY ANDROGENIC ACTIVITY PER 24 HOURS UNDER 
SAME CONDITIONS AS ILLUSTRATED IN FIGURE 4 EXCEPT THAT 280 MG. 
OF TESTOSTERONE PROPIONATE WERE IMPLANTED AS 19 PELLETS WITH 
A TOTAL SURFACE AREA OF ROUGHLY 800 sQ. MM. The clinical 
effect was satisfactory until extrusion of a portion of the pellets 
at the end of the 5th week. 
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tration. The percentage recovery, calculated on the 
basis that the urinary androgen is androsterone, com- 
pares favorably with the figures given for recovery 
after intramuscular injections of testosterone pro- 
pionate (41% upon daily injection with 20 mg. (1), 
38% upon daily injection with 25 mg. (12)). 

The surface areas of the go mg. and the 280 mg. of 
pellets were, respectively, approximately 250 and 800 
sq. mm. Although the larger number of pellets af- 
forded more than three times the surface area of the 
less numerous group, the excretion of androgenically- 
active substances was scarcely more than twice that 
of the pellets with the lesser surface area. This may be 
due in part to the additional area afforded by the fine 
particles that are scraped from or adhere to the pellets 
in the preparation. The significant fact is that a sur- 
face area of approximately 800 sq. mm. of pellets com- 
pressed in this manner permitted satisfactory clinical 
effects and was accompanied by urinary titers of an- 
drogenic activity that were within the range found in 
normal young men. 

Since 20 or 25 mg. are commonly utilized in daily 
injections of eunuchoid and castrate men, it is inter- 
esting to examine during the subsequent hours uri- 
nary androgenic activity following a single injection of 
this amount and to compare this with results obtained 
by injestion of half and of double this quantity. From 
the 5 to 6-hour period to the 33 to 34-hour period the 
values hovered about the average values obtained in 
the young man. By the 37 to 48-hour period the level 
was lower than in the average young man. After the 
injection of 10 mg. of testosterone propionate urinary 
androgenic activity does not approach the amount 
found in the normal young adult, nor does it do so if 
intramuscular injections of 20 mg. are given only 3 
times weekly (unpublished data). 

The time required for the dissipation of androgenic 
activity is established within certain limits. Note- 
worthy is the appearance of markedly augmented 
titers of urinary androgens within 2 hours after the 
ingestion of testosterone propionate. This is proof of 
the speed with which this substance can be absorbed 
and inactivated and the product of conversion, an- 
drosterone, excreted. 

Substantially the greater portion of urinary andro- 
gens derived from orally administered testosterone 
propionate appears in the urine within 10 hours. 
Since this includes time for absorption, conversion 
and excretion, the interval that such substances re- 
main after entering the blood stream is undoubtedly 
much less. These figures serve to emphasize the need 
for continued presence in the body of male hormone 
substances and the probable waste that ensues im- 
mediately upon excessively high elevation of the level 
of androgen in the body tissues and fluids. 

As shown previously in other patients (1) urinary 
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levels of androgenic activity reflect only the excretion 
of relatively inactive androgens and with this as a sole 
basis of examination an entirely misleading impression 
could be obtained. The effect of the hormone in the 
body depends upon the amount, continuity and dura- 
tion of its presence and probably upon the stimulation 
which it exerts before reaching sites of inactivation 
ind being metabolized. Judgment as to bodily effects 
by comparison of urinary levels at different times is 
legitimate only if the supply and source of the hor- 
mone remain constant. The validity of these remarks 
is attested by the high levels of urinary androgens 
which is largely androsterone just as after intramus- 
cular injections) obtained after clinically ineffective 
oral administration. Further, as shown elsewhere (13), 
ingestion of methyl testosterone is accompanied by 
androgenic effects, although the level of androgenic 
activity in the urine is very low. 

These facts lead surely to a proper distinction be- 
tween inactivation (often relative, as for example, 
conversion of testosterone to androsterone) and elim- 
ination of hormone substance. Evidence is lacking 
that testosterone appears unchanged in the urine; no 
testosterone has been isolated after administration in 
substantial quantities (2, 3, 13). The ubiquitous and 
major androgenic substance isolated from the urine 
after the administration of several androgens is an- 
drosterone (13). This might be interpreted that the 
kidney does not excrete a substance like testosterone 
(if it be carried in the blood stream) but only its metab- 
olites. Whatever the interpretation, there is a rela- 
tive, fairly rapid, inactivation by conversion of the 
potent male hormone substance, testosterone, to less 
active substances that are excreted in the urine. Thus 
the poor clinical effect when 240 mg. of testosterone 
propionate is ingested daily in divided doses (1) is not 
due to rapid elimination, for a single ingestion of 20 
mg. gives elevated urinary levels for many hours. The 
evidence suggests that the ineffectiveness of ingested 
testosterone propionate is due to rapid inactivation. 

The rapidity of inactivation of testosterone pro- 
pionate taken per os (1) may possibly be correlated 
with early passage through the liver, which is appar- 
ently a site favoring inactivation of androgen, before 
being distributed throughout the body. The processes 
whereby methyl testosterone is able to exert an an- 
drogenic influence, although it produces only a minor 
increase in the level of urinary androgens and is taken 
orally, should provide interesting data. 

Although the data do not lend themselves to exact 
calculations of the percentage recovery of androster- 
one from orally administered testosterone, it is evi- 
dent nevertheless that the percentage recovery under 
the conditions employed is only a fraction of that ob- 
tained after intramuscular injections in oil or implan- 
tation of crystalline hormone. This may be due to in- 
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complete absorption of the testosterone propionate 
from the gastrointestinal tract, destruction in the gas- 
trointestinal tract, or both. Further experimentation 
is necessary to explain these differences. 

The data indicate that there is no renal threshold 
for androsterone. Castrate and eunuchoid men ex- 
crete androgens despite a lack of male hormone sub- 
stances. Even when supplied with a small dose of 10 
mg. of testosterone propionate the completely cas- 
trate man apparently does not conserve the androgen 
that would be excreted in the urine, but shows much 
the sort of excretion of urinary androgens as when 
large doses of 60 mg. are taken. Inactivation processes 
are not slow in persons lacking in hormone sub- 
stances. As shown by the above and by previous data 
(1) the castrate man will metabolize testosterone and 
excrete the converted hormone in enormous amounts 
and in utter disregard for the conservation require- 
ments for androgenic effects. The alacrity in inactiva- 
tion and the lavish excretion of the converted material 
in hypogonadal and even in castrate men suggest that 
bodily economy can but poorly delay the conversion 
of highly potent androgens and but inadequately ef- 
fect a renal threshold for less active androgens. Con- 
versely, however, there exists a capable mechanism 
for inactivation of large amounts of androgenic ster- 
oids. 


COMMENT AND SUMMARY 

Single doses of testosterone propionate were given 
to 2 castrated men orally, intramuscularly in an oil 
vehicle, and subcutaneously in pellets of crystalline 
hormone. Doses of 10, 20, 40 and 60 mg. were used 
orally and intramuscularly in case 5; 60, 120 and 240 
mg. orally and 60 and 120 mg. intramuscularly in case 
4. Case 4 also received go and 270 mg. of testosterone 
propionate implanted subcutaneously in the form of 
compressed pellets. Urinary androgenic activity was 
followed in 2, 8 and 24-hour periods until its return 
to levels observed before administration of exogenous 
hormone (tables 1 and 2; fig. 1-5). 

Intramuscular administration does not result in as 
large an immediate increase in urinary androgenic ac- 
tivity as comparable quantities taken orally, but re- 
sults in a longer continued excretion of androgens. 
Augmentation of urinary androgenic activity was 
detectable for several days, a matter of 7 days with 
the largest quantity injected. The data suggest that 
the injection of 20 mg. of testosterone propionate in 1 
cc. of peanut oil may be about the minimal quantity 
that will maintain urinary androgens at the average 
amount excreted by normal adult young men. Even a 
single injection of 30 or 60 mg. results in a temporary 
rise in urinary androgenic activity above the range in 
normal young men. 

The general curve of the measurements of urinary 
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androgenic activity is somewhat the same after the 
implantation of go and 280 mg. of testosterone pro- 
pionate in the form of small pellets, but satisfactory 
clinical benefit was obtained with only the larger 
dose. There is a fairly good correlation between the 
androgenic stimulation exerted by the pellet and the 
level of urinary androgens at that time. Phenomena 
characteristic of castration were absent when the uri- 
nary androgenic activity was within the range found 
in young adult men. 

With all oral doses employed an increase in urinary 
androgenic values was detectable within the first two 
hours which was the shortest interval tested. Detect- 
able augmentation of urinary androgenic levels con- 
tinued at least as long as 48 hours (60 mg. in case 5), 
but the time required for both the inactivation of an- 
drogenic substance and its excretion by the kidney is 
evidently short, the major elevation of urinary activ- 
ity having disappeared after 10 hours. Obviously, 
part of the 10 hours must have been expended in ab- 
sorption of the hormone from the gastrointestinal 
tract. 

It was shown previously (1) that although oral ad- 
ministration of substantial quantities of testosterone 
propionate is unaccompanied clinically by decided 
androgenic effects, the androgenic activity of the 
urine is greatly augmented. The question arose as to 
the manner in which the body encompassed the rapid 
dissipation of the hormone, whether by inactivation, 
by excretion or by a combination of both processes. 
Since continued daily oral administration in sub- 
divided doses of a large amount of testosterone pro- 
pionate is without clinical benefit despite the fact that 
a single small dose produces a substantial increase in 
urinary androgens for many hours, the inference is 
that the hormone is rapidly inactivated and that the 
time of excretion may be of secondary importance. 
Distinction should be made between inactivation 
(often relative as in conversion of testosterone to a less 
active androgen, androsterone) and excretion. 

Assay of urinary androgens may give a misleading 
indication of the androgenic effect obtaining within 
the body. Comparison between different values for 
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urinary androgens depends not only upon the same- 
ness of processes of metabolism and the character of 
metabolite excreted in the urine (for example, whether 
it be androsterone or an isomer with much less an- 
drogenic activity), but also upon the site of production, 
the quantity and the nature of the antecedent sub- 
stances and the duration and continuity of their 
presence. 

The data suggest that there is no renal threshold 
for the male hormone substance, androsterone, which 
is the chief urinary androgenic end-product of the tes- 
tis hormone, testosterone. Castrate men excrete this 
substance despite overt evidence of testicular insufh- 
ciency and upon ingestion of exogenous hormone ex- 
crete in a matter of 10 hours large quantities of andro. 
gens that have been converted from the exogenous 
testosterone. The status in the castrate and the rapid 
excretion and the even greater alacrity of inactivation 
of administered androgens are evidence of a lack of ef- 
fective bodily economy in the handling of androgens, 
and conversely, of the presence of a ready mechanism 
for disposition of these androgenic steroids. 


We are indebted to Dr. Gilbert R. Hubert of Torrington, 
Conn.., for his cooperation in carrying out these studies. 
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MALE HYPOGONADISM 


in testicular deficiency have been well de- 

scribed in the past few years, clinically by 
McCullagh (1) and metabolically by Kenyon et al. 
(2). Androgens have heretofore been administered by 
intramuscular injection of testosterone propionate in 
oil, percutaneously and by subcutaneous pellet im- 
plantation (3). Foss (4) and McCullagh (5) described 
the effects of peroral methyl testosterone in testicular 
deficiency. The latter concludes that oral methyl 
testosterone is effective therapy in eunuchoidism and 
in terms of clinical symptoms its effectiveness as com- 
pared to testosterone propionate injections approxi- 
mates three or four to one. He further states that the 
increase in urinary androgens following clinically ef- 
fective doses of the propionate does not occur to the 
same degree after methyl testosterone. 

We have used oral methyl testosterone since Jan- 
uary, 1940, for disorders in both male and female. 
Results, however, are being reported only in eu- 
nuchoidism since that condition illustrates the most 
specific abnormalities associated with male hormone 
deficiency. Three adult eunuchs and one boy of 10 
years, who even at that age.exhibited many of the 
stigmata of the deficiency, are hereif described. 


Case 1. A.L., 33 years old, first consulted the clinic 
on April 29, 1938 because of small genitalia, poor libido 
and weak erections. Examination revealed the following 
pertinent findings: height 72 in.; weight 166 lb.; lower 
measurement (top of pubis to floor) 39} in.; span 78 in.; 
definite eunuchoid proportions; youthful facies; large and 
fatty breasts; wide hips; very little hair on face or trunk; 
scant pubic hair of female distribution; very small penis 
and scrotal sac; impalpable testes; impalpable prostate; 
high-pitched voice. The B.M.R. was — 4%. Seminal fluid 
was very small in amount and showed azoospermia. X-ray 
of the wrists showed ununited epiphyses of the radius and 
ulna. 


T: EFFECTS Of the administration of androgens 


Received for publication December 3, 1940. 
' Methyl testosterone used was supplied through the courtesy 
of the Schering Corporation. 
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CLINICAL EFFECT OF THE ORAL 


USE OF METHYL TESTOSTERONE! 
IN EUNUCHOIDISM 


Cuar es S. Byron, M.D., 
AND Perry Katzen, M.D. 


From the Endocrine Division of 
the Department of Medicine of 
the Jewish Hospital of Brooklyn, 
Brooklyn, New York 


The patient was given injections of 25 mg. of testo- 
sterone propionate twice a week. This resulted in a prompt 
and very striking improvement in his general health and 
sexual development. There was a marked gain in weight 
and the general sense of well-being. The voice became 
low-pitched. Hair commenced to develop on the face and 
trunk. The penis became several times larger, although the 
testicles remained impalpable. Pubic hair became more 
profuse and coarser, but was still female in distribution. 
The prostate now became palpable. The breasts remained 
large and fatty. Libido became normal. Erections became 
normal and coitus was satisfactory with the exception 
that the ejaculate was very scanty, consisting of only a 
few drceps. During a 21-month period weight rose and 
remained at 181 lb. On Feb. 2, 1940 injections of testo- 
sterone propionate were discontinued and oral methyl 
testosterone, 25 mg. three times a day substituted. On 
March 15, 1940 there was noted still further improvement 
in the patient's general health and sense of well-being; 
there was a further gain of 7 lb. up to 188 lb. The voice 
was of still lower pitch. The libido became stronger; coitus 
was satisfactory and the ejaculate, although still scanty, 
was increased in amount. The penis and scrotal sac were 
distinctly larger than before the institution of methyl 
testosterone therapy. The skin of the scrotum was more 
deeply pigmented. On rectal palpation the prostate was 
definitely larger. On May 24, 1940 the patient complained 
of painful breasts and on examination the breasts appeared 
larger than usual. The enlargement was due to an in- 
creased amount of glandular tissue resembling adolescent 
gynecomastia. The penis was larger than on previous ex- 
amination. The seminal fluid was increased in amount, but 
still showed azoospermia. The dosage of methyl testo- 
sterone was then reduced to 25 mg. daily. On June 17, 
1940 it was again reduced, now to 25 mg. every other day, 
but after two weeks of this reduced dosage the patient 
stated that the libido had diminished and the dosage there- 
fore was increased to 25 mg. daily. This resulted in a re- 
turn of normal libido. On July 22, 1940 it was noted that 
there was no more pain in the breasts and that they were 
smaller. Libido and coitus were normal. During the period 
of reduced dosage a loss of 10 lb. in weight occurred. The 
patient stated that 25 mg. of methyl testosterone daily 
seemed to keep him at a normal level of sexual desire. On 
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Aug. 7, 1940 the B.M.R. was —6%. X-ray of the wrists 
revealed ununited epiphyses of the radius and ulna essen- 
tially the same in appearance as seen 2 years préviously. 
After 4 months on a dosage of 25 mg. daily the patient 
again complained of diminished libido and sexual activity. 
Increase to 50 mg. resulted in prompt return to the usual 
status. At the last examination the prostate was larger. 
Pubic hair had a tendency to grow upward toward the 
umbilicus. The penis was normal in size. The contours of 
his body were changed. There was a loss of fat about his 
breasts, abdomen, buttocks and trochanters. The muscles 
were more prominent. All this occurred despite a weight 
gain of 13 lb. above the original weight, indicating increase 
in body tissue rather than a pure salt and water retention. 

Case 2. I.G., 29 years old, was referred to the Endocrine 
Clinic because of eunuchoidism. He had had pulmonary 
tuberculosis and was still receiving pneumothorax treat- 
ment. The patient stated that he had grown ¥% in. in 
height in the period from the spring of 1936 to the fall of 
1937. Libido was present and erections were frequent. 
Ejaculation had never taken place. The patient was tall 
and thin. Measurements were as follows: weight 135 lb., 
height 7014 in., lower measurement 40 in., span 75 in. 
The body proportions were typically eunuchoid. There 
was no facial hair and no hair on the trunk with the excep- 
tion of a small amount in the axillae; the pubic hair was 
scant and of feminine distribution. The penis and scrotal 
sac were small. Both testicles were small, about 1 cm. in 
diameter, soft and well descended into the scrotum. The 
B.M.R. was —11%. X-rays of the wrist showed ununited 
epiphyses of the radius and ulna. 

Blood chemistry findings were normal except for the 
cholesterol, which was 258 mg. %. Sugar tolerance was 
normal. Urinary prolan was present, estrogen excretion 
was 2 R. U. in 24 hours, androgen excretion 6.3 y in 48 
hours. 

This patient commenced taking oral methyl testoster- 
one 25 mg. twice a day on May 31, 1940. Three weeks 
later the patient stated that he was getting more frequent 
erections, and that there was slight ejaculation; examina- 
tion at that time showed no change in the size of the penis 
and no increase in hair growth. On July 12, 1940 it was 
noted that the penis had approximately doubled in size; 
the pubic hair was more profuse and hair was appearing 
on the upper lip; the voice was much lower in pitch. On 
July 26, 1940, two months after the institution of therapy, 
the patient stated that erections were becoming more fre- 
quent and the volume of the ejaculate was greater; methyl 
testosterone was reduced to 25 mg. daily. He was main- 
tained on this dose for 3 months. At the end of that time 
he stated that there was diminution of libido and fre- 
quency of erection and emission. The prostate was very 
small. On Oct. 4, 1940 the B.M.R. was —2%, a rise of 
9% since March 7, 1940. Within 3 weeks after the insti- 
tution of therapy a gain of 15 lb. in weight was noted. 
Subsequent to this there was a further gain of 5 lb. During 
the last few weeks of the period of observation, there was 
a loss of 5 lb. The dosage of methyl testosterone was not 
increased since we wished to observe the effect of gonado- 
tropins on the testes, which now lie in a well developed 
sac. 

Case 3. S.B., one of three children, the other two per- 
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fectly normal, was first seen in November, 1939, at the 
age of 31. His early development had been apparently 
normal although at even a very early age a streak of gray 
was present in his hair. He was attracted toward the op 
posite sex. Occasional erections had occurred but emission 
had never taken place. The administration of pregnancy 
urine extract gonadotropin 8 years previously had had no 
discernible effect. 

On physical examination, despite a youthful face his 
scalp hair was found to be entirely gray. He presented the 
structure of the classical eunuch. The weight was 185 
lb. with most of the fat distributed about the chest and 
abdomen. The breasts were large and fatty. He was 
stooped because of kypho-scoliosis. He was 6914 in. tall 
and had a lower measurement of 38 in. Axillary and pubic 
hairs were sparse. The shoulders were relatively narrow 
as compared with the hips. The extremities were long 
and there was a definite tendency for the knees to come 
together. The penis could not be seen, but on spreading 
a fat pubic pad a small organ, about 1.5 cm. in diameter 
was noted. The scrotum was poorly developed. Both 
testes were felt in the scrotal sac but they had a tendency 
to slip readily into the inguinal canals. The right gonad 
measured about 2 by 1.5 cm.; the left was slightly smaller 
and higher. The prostate was not felt on rectal palpation. 

The B.M.R. was 8% below the average normal. Blood 
chemistry findings were normal. Hormone studies were 
not made. X-ray of the wrists revealed incomplete fusion 
of the radial epiphyses. 

Testosterone propionate in oil was administered intra- 
muscularly over a period of 4 months. The dose was 25 
mg. 3 times weekly. An immediate increase in the fre- 
quency of erections occurred and within a week an en- 
largement of the phallus was apparent. Within a month 
the penis was doubled in size, the scrotum enlarged and 
the testes were usually found in the sac. Pubic and axil- 
lary hair increased and the necessity for shaving became 
more frequent. The voice deepened and nocturnal emis- 
sions occurred. The prostate became palpable. These 
signs and symptoms progressed for about two months 
and then remained stationary for another two months. 

In April, 1940 testosterone propionate was discontin- 
ued and peroral methyl testosterone, 75 mg. daily was ad- 
ministered. An immediate further increase in size of the 
penis was noted, the scrotum enlarged and the testicles 
were now always found within the sac. The testes ap- 
peared to be slightly larger. Five months later the dosage 
was reduced to 25 mg. daily. The phallus now measured 
approximately 6.5 by 2.5 cm. The prostate appeared 
larger than normal. In view of the fact that the testicles 
were fully descended, pregnancy urine extracts and preg- 
nant mare serum were injected in an effort to stimulate 
spontaneous gonadal function. He is still receiving those 
preparations. 

After two months of the reduced dosage of methyl 
testosterone the patient states that there has been a slight 
diminution in libido, number of erections and the fre- 
quency of emissions. He complains of belching and a rela- 
tive constipation, which were not present prior to the 
institution of therapy. Following an initial gain of 10 lb. 
in weight, there has been a gradual fall, so that now 
(November, 1940) he is 10 lb. below the original level. 
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| The loss has manifested itself about the chest and abdo- 
| men. The B.M.R. which was originally 8% below the 


average normal is now 17% above the average. There is 


) hair growth on the abdomen and chest and facial acne 
' has appeared. 


Case 4. B.B., one of two children, the other apparently 
normal, first came under the care of the Endocrine Clinic 
at the age of 8 years on Jan. 3, 1938. He had been referred 


' because of small genitalia and cryptorchidism. A behavior 
problem had been present for some time. He was §3 in. 


tall and weighed 65 lb., and even at that age exhibited 
definite eunuchoid proportions. The teeth were small and 
there was crowding in the lower jaw. The penis was small, 
the scrotum rudimentary. Both testicles were smaller than 
normal; the right testis was situated in the upper portion 
of the scrotal sac, the left at the external ring. The pros- 


_ tate was not palpable. The B.M.R. was —27%. Over a 


period of 2 years this boy received large amounts of 
gonadotropic hormone, anterior pituitary growth hor- 
mone, and desiccated thyroid. In July, 1939 he weighed 
80 Ib., was 58 in. tall, with a lower measurement of 32 
in. On February 26, 1940 examination revealed no change 
in the appearance of the genitalia. The penis and scrotal 
sac were still very small, as were also both testicles; the 
position of the testes had not changed; there was no pubic 
hair. Gonadotropic hormone and growth hormone injec- 
tions were then discontinued and thyroid alone adminis- 
tered. On May 6, 1940 the condition of the genitals was 
the same as noted on the previous examination. He was 
then given methyl testosterone, 25 mg. daily, plus 12 
grain of thyroid daily. One week later, examination re- 
vealed a striking increase in the size of the penis; it had 
almost doubled in size. There was no change in the size 
of the scrotal sac or in the size and position of the gonads. 
The following week there was noted a further increase 
in the size of the penis and some increase in the size of the 
scrotum. On June 17, 1940 marked enlargement of the 
penis was recorded and methyl testosterone was discon- 
tinued; the following week the penis was somewhat 
smaller and methyl testosterone was resumed. The next 
week it was noted that pubic hair was developing and the 
penis was again enlarging. On Aug. 19, 1940 the scrotal 
sac appeared more pigmented than previously and further 
developed, and there were more pubic hairs; the develop- 
ment of the penis progressed. At that time, the patient 
complained of urinary frequency. The prostate was not 
palpable on rectal examination. The urine contained a 
small amount of reducing substance. Blood sugar was 112 
mg. %. The reducing substance was not fermented by 
yeast, was negative for pentose and suggestive of fructose. 
The urinary symptoms improved. On Sept. 16, 1940 
methyl testosterone was discontinued and 500 R. vu. of 
pregnancy urine extract was administered bi-weekly. In- 
creasing size of penis, scrotum and pubic hair was noted 
and the prostate was now definitely palpable. On Nov. 22, 
1940 the weight was 96 lb., the height 6134 in. and the 
B.M.R. —7%. 
DISCUSSION 


Our results parallel those of McCullagh (5). The 
same immediate increase in genital growth and func- 
tion was noted. The two patients who had previously 
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received intramuscular testosterone propionate ex- 
hibited further increment when the change to 
methyl testosterone was made. A weekly dose of 175 
mg. of the oral preparation later temporarily main- 
tained these two at the same functional level that 
had been obtained with 50 to 75 mg. of the intra- 
muscular propionate. This was interpreted as indi- 
cating that approximately 21% to 3% times the intra- 
muscular dosage is required when the oral hormone 
is employed. 

The necessity for increasing dosage when admin- 
istration was maintained over a long period was also 
noted. McCullagh (5) explains this as an increasing 
ability of the liver to metabolize methyl testosterone 
much as it does with stilbestrol. 

The B.M.R. was increased in the second and 
fourth patients. The latter also received small doses 
of thyroid. There was only slight change in the first. 
No interval determination was made on the third, 
but from the time of the original institution of ther- 
apy to a period 12 months later, a rise of 25% took 
place. This patient, after a preliminary gain in weight 
had a gradual loss, to 10 Ib. below the original level. 
Most of the loss was manifest in the fatty tissue of 
the breasts, chest and abdomen. The most marked 
gain occurred in the second patient. Previously un- 
derweight, he exhibited a 15-pound increase within 
4 weeks. Reduction in the dosage was followed by a 
moderate loss, indicating that the gain may have been 
caused by a salt and water retention which paralleled 
the size of the dose. The gain in the first patient, how- 
ever, was due to increment in general body tissue. 

No constant adverse effects were noted. The third 
patient complained of occasional belching and a rela- 
tive constipation. The urinary frequency and reduc- 
ing substance in the urine of the fourth will bear 
further investigation. The most interesting complica- 
tion appeared in the first patient. Despite the fact 
that he had previously received testosterone pro- 
pionate, two months after the institution of oral 
therapy a bilateral gynecomastia was noted. The 
breast enlargement subsided with reduction in dos- 
age. The urine at this time indicated no increase in the 
estrogens. Having previously noted an increase in 
size of a breast in adolescent gynecomastia treated 
with testosterone propionate, we believe that testos- 
terone has a specific stimulating effect on breast tissue. 

The incompletely fused radial epiphysis of the 
first patient was unchanged after 234 years of an- 
drogen therapy. 

A review of the four cases demonstrates the efh- 
cacy of peroral methyl] testosterone. Despite the need 
for progressively increasing dosage its employment 
offers a simple method of administration, furnishes a 
constant supply of hormone and will probably ulti- 
mately be economically desirable. 
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SUMMARY 


The effects of the oral administration of methyl 
testosterone to three adult eunuchs and one boy of 
ten exhibiting eunuchoid characteristics are de- 
scribed. 

Methyl testosterone by mouth is an effective meth- 
od of treatment with androgens, comparable to in- 
tramuscular administration of testosterone pro- 
pionate. The dosage by mouth is approximately 314 
times the intramuscular dose of the propionate. 

Continued therapy apparently requires progres- 
sively increasing dosage. 

Its use is usually accompanied by a gain in weight 
and an elevation of basal metabolism. 

Methy] testosterone has a stimulating effect upon 
breast tissue. 


CHARLES S. BYRON AND PERRY KATZEN 


The administration, clinically effective, of tes: ~ 
tosterone over a period of 2% years had no effect on © 


an incompletely fused radial epiphysis. 


Methy] testosterone offers a simple and most likely | 


more economical method of administering testoster. 
one. 
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SEX HORMONES 


ucts represented as containing sex hormones 

presented a problem recognized early by the 
Food and Drug Administration. When the oppor- 
tunity presented itself in 1935, a unit was established 
for the purpose of making investigations of these prod- 
ucts by use of the recognized methods available for 
some of them and for the purpose of the investigation 
of new methods for the assay of others. 

During the first year a general survey was made to 
determine what products were being sold, the gen- 
eral nature of these products, the literature dis- 
tributed with them, the establishment of an assay 
colony and the preliminary investigations of many of 
these products. Beginning with the fiscal year 1936- 
37 a project schedule was set up, patterned on the 
general plan for all of the operations of the Food and 
Drug Administration. The country is divided into 
three districts, Eastern, Central and Western, which 
in turn are again divided into stations, of which there 
are 16 for the whole United States. Food and Drug 
inspectors Icoated at these stations are responsible 
for field investigations and for the collection of sam- 
ples in a prescribed area. At the beginning of the 
year the number and kind of samples per month that 
can be efficiently handled in the laboratories are de- 
cided upon and this information is presented to the 
districts and stations. There is then during the year 
a regular number of domestic samples per month com- 
ing in for assay. The samples are purchased on the 
open market by the inspectors from regular commer- 
cial shipments. In addition to the domestic products, 
samples of all imports are submitted to Washington 
and special supplemental collections of domestic 
samples are made upon request. A general discussion 
of the individual classes of products examined and the 
methods for their assay are presented below. 


T= WIDESPREAD DISTRIBUTION Of glandular prod- 
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ACTIVITIES OF THE FOOD AND 


DRUG ADMINISTRATION IN THE 
FIELD OF SEX HORMONES 


Jack M. Curtis, Ph.D., 
AND Ewa_p Wirt, MS. 


From the Division of Pharmacology, 
Food and Drug Administration, Federal 
Security Agency, Washington, D. C. 


ESTROGENS 


The biological activity of estrogenic compounds is 
almost universally estimated by some modification of 
the Allen-Doisy vaginal smear technic on rodents (1). 
The assay procedure used in this laboratory is based 
upon the refinements of this method described by 
Kahnt and Doisy (2). To this technic have been added 
two features that improve the quantitative aspects of 
the assay method. The first of these involves the use of 
a standard preparation, assayed at the same time un- 
der identical circumstances in a similar group of 
animals, allowing a direct comparison between the 
potency of the standard and the potency of the un- 
known preparation. The second addition is a modifi- 
cation of the design of the experiment in such a way 
as to allow statistical evaluation of the results. 

Standards. Since estrogenic preparations are not de- 
scribed in the current editions of the U. S. Pharma- 
copoeia and the National Formulary, no official stand- 
ard of reference has been described and made availa- 
ble with which the potency of preparations of do- 
mestic origin may be compared. There are, however, 
two standards devised by the Health Organization of 
the League of Nations, (3, 4) that have come into gen- 
eral use. The first of these international standards is 
a sample of crystalline estrone and the second is 
a sample of crystalline estradiol benzoate. The unit of 
each standard is defined in identical terms as “the spe- 
cific oestrus-producing activity contained in o.1 
gamma of the standard preparation (3, 4).” Although 
these definitions make no reference to the biological 
potency of the standards, the report of the committee 
which formulated them states that “they wish to 
avoid any suggestion that these two units are equival- 
ent in biological potency” (subhead § p. 623 reference 
4). Further, (under subhead 7 p. 624), in commenting 
on the benzoate standard the committee suggests 
“that the units determined in terms of this standard 
should be distinguished from units determined in 
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terms of the hydroxyketonic standard by describing 
them as “units (benzoate standard)’.” It is most un- 
fortunate that the precautionary statements of the, 
committee have not had wider publicity. 

The second international standard was formulated 
because the delayed and prolonged period of action 
characteristic of the esterified naturally occurring es- 
trogens made it appear that the response to these 
compounds was qualitatively different from the re- 
sponse to the free hormone. If, however, one com- 
pares the threshold dose of the free hormone with the 
threshold dose of the esterified hormone, making due 
allowances for the difference in time of response, it is 
possible to obtain an accurate comparison of the 
relative physiological potencies of the two com- 
pounds. By the method used in this laboratory the 
evaluation of the relative potencies of these two 
standards has shown that the second (estradiol ben- 
zoate) is 5.6 times as active as the first (estrone). Com- 
plete experimental details upon which these state- 
ments are based will be published shortly. 

The existence of two international standards with 
the correlated two international units, not equivalent 
in biological potency, has caused misunderstanding 
and confusion in the minds of many individuals. For 
example, the following statement has been pub- 
lished (5): “Although I was also able to produce 
breast growth with injections of Ketohydroxyestrin 
(estrone), estradiol benzoate was, unit for unit, much 
more effective.” The phrase “unit for unit” denotes 
that a comparison is made of the effectiveness of one 
international unit of estrone with that of one inter- 
national unit of estradiol benzoate. Although these 
results confirm in human beings the difference in 
biological potency of the two stand2rds which is gen- 
erally recognized for rats, it would appear that this 
author regards an international unit as a single stand- 
ard for estrogenic potency. The erroneous concept 
that an international unit of estrogenic potency is a 
single standard is widely accepted. 

Design of the assay. The assay of each unknown 
preparation is so designed that the responses to 
standard and unknown are compared at no less than 
two and preferably at three dosage levels (6). In ad- 
dition to determining the potency of the unknown, 
assays designed in this manner make available the fol- 
lowing information. 

1. Changes in the absolute sensitivity of a group 
of assay animals. 

2. The standard error of the assay. 

3. The significance of small differences in the re- 
sponses to comparable doses of standard and un- 
known. 

4. The capacity of animals to discriminate between 
graded doses. 
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5. The homogeneity of a group of animals used on 
any single assay. 

Regulatory activity. During the four fiscal years 
July 1, 1936, to June 30, 1940, 243 samples of estro- 
genic preparations have been examined of which 110, 
or 45.7%, failed to meet the requirements of the pro- 
visions of the Food and Drug Act or its successor the 
Food, Drug, and Cosmetic Act. It is gratifying to 
note, however, that the percentage of samples subject 
to such criticism has dropped from 64% in the year 
1936-37 to 15% in the year 1939-40. 

It is convenient for purposes of discussion to divide 
the estrogenic preparations on the market according 
to the forms in which they appear, (a) oil solution, (b) 
aqueous solution, (c) tablets, capsules or powder. 
More preparations fall into the first class than into 
either of the other two. All the oil solutions that have 
come to our attention have been labeled to indicate 
their potency, which in many cases is quite high. The 
percentage of samples in this group that failed to meet 
the requirements of the law has decreased from 
36.5% in 1936-37 to 5.2% in 1939-40. Legal action 
has been concluded against a number of the prepara- 
tions found to be deficient in their labeled potency (7). 

Aqueous solutions of estrogenic substances on the 
market are not numerous. The relative insolubility of 
these compounds and their salts in water limits the 
amount of material that may be administered in this 
manner. Furthermore, preparations of this type are 
prome to deterioration under the usual conditions of 
commercial storage. More numerous are the aqueous 
extracts of ovary, which usually by direct label state- 
ments or by implication claim to contain the active 
principle(s) of ovary. These extracts carry little or no 
estrogenic activity. Acting on the information gained 
by the examination of many of these extracts, the 
Food and Drug Administration issued a Notice to 
Manufacturers of Preparations of Ovary on Decem- 
ber 1, 1939, stating “the opinion that such inert or es- 
sentially inert preparations when sold as ‘Ovarian 
Extract’ or under any other designation or under la- 
beling which states or implies that such active princi- 
ples are present, are both adulterated and misbranded 
as those terms are defined in the Federal Food, Drug, 
and Cosmetic Act.” Legal action has been concluded 
against a number of adulterated and/or misbranded 
aqueous preparations (8). 

In recent years because of a demand for estrogenic 
preparations suitable for oral administration, tablets 
containing purified estrogenic substances have been 
manufactured. There is also on the market desiccated 
ovary in tablet, capsule and powder form. Under the 
best possible circumstances preparations of the latte: 
type could not be expected to contain as much as 1 ra‘ 
unit of estrogenic material per gram and therefore 
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are worthless as sources of estrogenic activity for 
clinical use. Legal actions have been completed against 
several products of this type based upon representa- 
tions made for them by the manufacturers or dis- 
tributors (9). 

PROGESTINS 


The description of the specific alteration produced 
in the uterus of a rabbit by extracts of the corpus lu- 
teum (10) is the foundation upon which assay meth- 
ods for progesterone and related compounds are built. 
This alteration, progestational proliferation, may be 
conveniently demonstrated in mature rabbits as de- 
scribed by Allen (11) or in suitably pretreated imma- 
ture rabbits as described by Clauberg (12). A descrip- 
tion of progesterone and definition of a standard to 
which it may be compared has not appeared in either 
of the official compendia. The Health Organization of 
the League of Nations, however, has described the 
characteristics of progesterone, recommended the as- 
say methods cited above, and prepared a standard (13), 
but there is not a sufficient quantity of it to allow gen- 
eral distribution. 

With respect to the accuracy of these methods, 
greater variation in response is observed using the 
Clauberg technic (14, 15). In spite of this variation, 
Christensen (16) reports an accuracy of +8% when 
20 animals are used on a dose. Similar evaluation of 
the Corner-Allen technic has not been published. 

Examination of commercial products labeled to 
contain progesterone, all of which were dissolved in 
oil, has failed to reveal a single instance of material 
deviation from the claimed potency. On the other 
hand, not a single aqueous extract of corpus luteum or 
a preparation of desiccated corpus luteum has been 
found to contain any demonstrable progestational ac- 
tivity. This latter finding is not surprising if one con- 
siders the insolubility in water, stability, and the 
yield of progesterone from the gland. 

Because of the activities of the Food and Drug Ad- 
ministration in this field, there have recently appeared 
on the market relabeled aqueous extracts of corpus 
luteum which read in part “This product does not 
contain the hormone, progesterone, which is the only 
active principle of the corpus luteum known at the 
present time.” On the other hand, in April, 1940, le- 
gal action in a Federal court alleging adulteration and 
misbranding of a product containing desiccated cor- 
pus luteum resulted in a decision adverse to the Gov- 
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ernment. An appeal from this decision has been 
recommended. 
GONADOTROPINS 


Several methods of demonstrating gonadotropic 
activity have been described. Many of these tests 
depend on the observation directly or indirectly of 
morphological changes in the gonads or observation 
of secondary changes in the accessory reproductive 
organs of immature rodents. Because there is no gen- 
erally accepted preference for any one of these meth- 
ods, this laboratory has followed the practice in its 
examination of commercial products, of using the 
method described or referred to in the circular ac- 
companying each sample. Very recently the Health 
Organization of the League of Nations has set up 
standards for gonadotropic material from human 
pregnancy urine and also from mare pregnancy serum 
(17). 

Since a relatively small number of samples of this 
type of product has been examined, it is not possible 
to present a detailed discussion of conditions that ex- 
ist. However, because more than half of the 22 prod- 
ucts assayed have failed to meet the requirements of 
the act, the conclusion that more time could profita- 
bly be spent on the examination of these products is 
inescapable. It appears that some means of avoiding 
deterioration of the finished product is the major 
problem to be solved at this time. 
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ADRENALS 


Anperson, E., W. HAYMAKER AND E. HENDERSON. 


Successful sublingual therapy in Addison's disease. 

J.A.M.A. 115: 2167. 1940. 

Successful treatment of 6 cases of Addison’s disease by 
the sublingual administration of desoxycorticosterone ace- 
tate is reported. The crystalline desoxycorticosterone ace- 
tate was dissolved in propylene glycol, 10 mg. per cc. and 
was administered in amounts varying from 2 to 6 mg. 
given daily in divided doses. The sublingual administra- 
tion of desoxycorticosterone acetate was as effective asa 
similar amount of the material injected intramuscularly. 


—D. J. Stephens. 


Greeng, J. A., H. Levine Anp G. W. Jounston. 


Is the potassium tolerance curve of value in the diag- 
nosis of adrenal cortical insufficiency in man? Endo- 
crinology 27: 3'75. 1940. 

The K tolerance curve was obtained in a variety of 
cases, including Addison’s disease in which asthenia was 
a prominent manifestation. Each patient received 19 mg. 
KCl in aq. sol. orally per lb. body wt. after fasting 12 hr. 
Venous blood was analyzed according to Breh and 
Goebles’ method. Normal curves were obtained in 2 cases 
of Addison’s disease and in all other cases except chronic 
nephritis with edema, myasthenia gravis, simple malnu- 
trition, neurasthenia and bromism. Addisonian crisis de- 
veloped following the procedure in 1 case. The results 
obtained by this technic are not specific for adrenal cor- 
tical insufficiency in man.—Authors’ abstract. 


Mackenzig, R. A. 

Maternal death caused by hemorrhage in the adrenals. 

Am. J. Obst. & Gynec. 41: 150. 1941. 

A case report with autopsy findings is given. The pa- 
tient, 35 years of age, para 3-0-3, in the 36th week of her 
4th pregnancy was seized with severe pain in the right 
costovertebral region and gradually passed into shock. 
Ten and one-half hours later she delivered by breech a 
stillborn male child of 2,870 gm. Shock continued and 
death occurred 32 hr. after delivery. Autopsy findings in- 
cluded pneumonia of right lower lobe, right hydronephro- 
sis with gravel and 2 stones with 3 stones blocking right 
ureter, bilateral pyelonephiritis, and periscapular and sub- 
scapular hemorrhage, involving cortex and medulla of 
both adrenals. The author concluded that the adrenal 
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hemorrhage produced the acute symptomatology and sub- 
sequent death.—E.C.H. 


Marks, T. M., T. M. THomas AND J. WaARKANY. 
Adrenocortical obesity in children. Am. J. Dis. Child 
60: 923. 1940. 

A review of adrenal cortical obesity in children is pre- 
sented with the report of a case in an 11-month-old girl. 
The clinical picture in this patient consisted of marked 
obesity, ‘buffalo type,’ plethora of the face, slight hir- 
sutism, normal genitalia, hypertension (200/100), normal 
ossification and normal mentality. The patient died of 
cardiac failure. Autopsy revealed adenoma of the right 
adrenal cortex.—M.B.G. 


Moeu ic, R. C. 


Addison’s disease treated by implantation of desoxy- 
corticosterone acetate pellets. Endocrinology 27: 633. 
1940. 

A typical case of Addison’s disease who had been 
treated with cortical extract and NaCl and who went 
into a crisis on withdrawal of the same on 2 occasions, was 
treated by hypodermic injections of desoxycorticosterone 
acetate and later by implantation of the synthetic cortical 
extract (600 mg.) in the abdominal muscle. During a pe- 
riod of 5 mo. no further treatments were required.— 
R. C. Moehlig. 


Raas, W. 

Roentgen treatment of the adrenal glands in angina 

pectoris (one hundred cases). Ann. Int. Med. 14: 688. 

1940. 

The theory is advanced that angina pectoris on effort, 
cold, emotion, is due to the anoxiating effect of suddenly 
discharged adrenalin upon the heart muscle, the coronary 
blood supply of which was inadequate due to sclerosis. 
Accordingly the depressant effect of Roentgen irradiation 
upon suprarenal secretory activity was used for thera- 
peutic purposes in 100 cases of typical angina pectoris. 
This treatment proved successful in 76 patients the ma- 
jority of whom were completely or almost completely 
freed of complaints for an average period of 13} mo., 
while the rest were moderately improved. Twenty-four 
patients did not respond. Pathological electrocardiograms 
were partially or completely normalized in those patients 
who responded well to the treatment. The blood pressure 
remained practically unchanged in all cases, regardless of 
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its level. The therapeutic technic was described.— 
W. Raab. 


SEGALL, G. 

Treatment of Addison's disease with pellets of syn- 

thetic desoxycorticosterone acetate implanted subcu- 

taneously. Am. J. M. Sc. 201: 202. 1941. 

Two patients with Addison’s disease treated from 2 to 
3 years with cortical extract injections and salt by mouth 
were placed on desoxycorticosterone acetate in oil. After 
the daily quantity of this substance necessary for satis- 
factory maintenance had been determined, these patients 
were subsequently implanted with pellets of crystalline 
desoxycorticosterone acetate. The implantation of pellets 
of the synthetic hormone resulted in a gain of body 
weight, an increase in blood pressure, general physical 
improvement and return to normal activity. Clinical im- 
provement was associated with a normalization of the 
blood electrolyte relationship during 10 mo. of observa- 
tion.—Author’s summary. 


Watson, E. M. 

The effect of adrenal cortical extract on the serum 

phosphatase in chronic arthritis. Endocrinology 27: 

§21. 1940. 

Increased serum phosphatase activity was observed in 
the majority of patients investigated with chronic non- 
specific arthritis. The administration of adrenal cortical 
extract to such patients is followed by a reduction of the 
serum phosphatase and symptomatic relief. Experimental 
data support the possibility of existence of a functional 
interrelationship between the adrenal and parathyroid 
glands with respect to osseous metabolism.—E. M. 
Watson. 
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Autt, C. C., E. F. Hocror anp A. A. WERNER. 
Involutional melancholia—additional report. Am. J. 
Psychiat. 97: 691. 1940. 

Thirteen cases are reported in which a recovery rate of 
90% was obtained. The medicament was estrone in oil 
administered parenterally. The dosage was 30,000 to 
60,000 1.uU. the first month then 2,000 to 10,000 per week 
as improvement occurred.—R.G.H. 


Brucu, H. 

Obesity in Childhood—III. Physiological and psycho- 

logical aspects of the food intake of obese children. 

Am. J. Dis. Child. 59:°738. 1940. 

A study of 136 obese children revealed that the food 
intake was larger than the average in 80% of the children 
and normal or smaller in 20%. There was a one-sided pre- 
ponderance of starchy food. The majority of the children 
had been exposed to prolonged over-protection and ex- 
hibited signs of immature behavior. The hypothesis is 
advnaced that emotional experiences call into play func- 
tional disturbances of the hypothalamus which may be of 
importance in the large group of patients in whom no or- 
ganic lesion can be detected.—M.B.G. 


ENDOCRINE GENERAL 


367 


Francis, C. C. 

Factors influencing appearance of centers of ossification 

during early childhood. II. A comparative study of de- 

gree of epiphysial ossification in infancy under varying 

conditions of diet and health. Am. J. Dis. Child. 59: 

1006. 1940. 

Epiphysial ossification is a more delicate objective indi- 
cator of constitutional health than is progress in height or 
weight. Gastrointestinal sensitivity in infancy, even when 
so well controlled that there is no retardation of growth 
in length, nevertheless tends to retard epiphysial ossifica- 
tion. In healthy children the degree of epiphysial ossifica- 
tion is influenced by the amount of mineral available in 
the diet. Severe or prolonged illness holds back general 
progress, but epiphysial ossification shows the greatest 
retardation. The advance in precocity of the ¢@ child over 
the ¢@ child in epiphysial ossification disappears in severe 
prolonged illness —M.B.G. 


Gray, P. A. AND W. M. Morrart. 


Coexistence of diabetes mellitus and diabetes insipidus. 

Endocrinology 27: 430. 1940. 

The coexistence of diabetes mellitus and diabetes in- 
sipidus in a 53-year-old & was established and confirmed 
by special tests. The diabetes mellitus was controlled by 
diet and insulin. The diabetes insipidus was controlled 
equally well by either parenteral administration of pitui- 
trin or nasal insufflation of posterior pituitary powder 
until the patient became allergic to both. Five months 
after discharge the man died from a ruptured appendix. 
Pathological changes characteristic of human diabetes mel- 
litus were found in the pancreas. Pathological changes in 
the pituitary were limited to the pars intermedia and pars 
neuralis and were in conformity with the current concept 
of diabetes insipidus. Therefore it is probable that the co- 
existence of the two diseases was accidental.—Authors’ 
summary. 


McCuttacu, E. P. anv W. R. Tupper. 

Anorexia nervosa. Ann. Int. Med. 14: 817. 1940. 

A brief summary of the literature and the findings in 27 
cases of anorexia nervosa are presented. The etiology, 
clinical picture, symptomatology, results of investigation, 
treatment, and prognosis are given with special emphasis 
on the similarity between anorexia nervosa and Sim- 
monds’ disease. Concerning differential diagnosis, an im- 
portant feature is the demonstration of an increased, 
gonadotropic hormone excretion in some cases of anorexia 
nervosa, a finding which is not consistent with severe 
pituitary failure. Vitamin deficiency may be a factor in 
producing the gonadal failure found in anorexia nervosa.— 
Authors’ summary. 


PrevitAaul, G., AND H. JAxosziNER. 
Progressive facial and crossed hemiatrophy complicated 
by transient hypoglycemia. Am. J. Dis. Child. 60: 116. 
1940. 
The authors report a case of progressive facial hemi- 
atrophy in a girl of 16 years of age. They postulate that 
the disease results from a toxic or infectious process which 
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causes a degeneration of the central nervous system in the 
hypothalamus, pons or midbrain and involving also the 
sympathetic and parasympathetic fibers. Hypoglycemia 
present in their patient may be caused either by an ad- 
renal lack which produced a fall in blood sugar level or by 
hypersecretion of insulin as a result of vagal stimulation 
of the pancreas. No treatment is known for the condition 
but authors advise thiamin chloride.—M.B.G. 


RuBensTEI, B. B. 

The vaginal smear-basal body temperature technic and 

its application to the study of functional sterility in 

women. Endocrinology 27: 843. 1940. 

A procedure was presented for evaluating vaginal 
smears and basal body temperatures as they relate to the 
sex cycle of 2 9. Presence of infection or chronic irrita- 
tion may invalidate the interpretation of smears and 
temperatures. Evidence was presented indicating a greater 
than heretofore reported frequency of anovulatory cycles. 
A scheme for the diagnosis and management of functional 
sterility in 9 Q was presented.—Author’s abstract. 


Sontac, L. W., Dorotuy SNELL AND MARGARET ANDER’ 
SON. 
Rate of appearance of ossification centers from birth to 
the age of five years. Am. J. Dis. Child. 58: 949. 1939. 
A scale is presented for rating progressive skeletal de- 
velopment of boys and girls from birth to the age of 5 
years, based on data obtained in a study of longitudinal 
growth. All joints of the left upper and lower extremities 
are given equal rating with the hand in appraising skeletal 
growth. Two additional curves for specific areas are also 
given. The advantages of the scale are that no great skill 
is required to count the number of centers of ossification, 
the results are rapidly and objectively achieved, and it is a 
flexible and convenient method of evaluating skeletal age 
for correlation with other factors of growth, nutrition or 
environment. The method is applicable only at the early 
age levels, since it is during this period that most of the 
centers appear.—M.B.G. 


Tuorn, G. W., anp K. Emerson, Jr. 


The role of gonadal and adrenal cortical hormones in 

the production of edema. Ann. Int. Med. 14: 757. 1940. 

In normal women cyclical changes in 9 sex hormone 
excretion were observed to be associated with striking 
changes in excretion of Na, Cl, and H.O. Similar changes 
were observed in a patient hysterectomized several years 
previously. In a patient with both ovaries and uterus re- 
moved 18 mo. previous to this study no cyclical change in 
sex hormone excretion or electrolyte balance was noted 
during a period of 30 days. In obese patients a transient 
gain in weight was occasionally observed during a weight 
reducing regimen, in some instances to be accounted for 
by a premenstrual retention of Na, Cl and H,O. A similar 
retention also occurred during the premenstrual period of 
patients suffering from disorders which predisposed to 
fluid accumulation such as nephritis, cirrhosis of the liver 
with ascites, hypoproteinemia, and obstruction to venous 
or lymphatic circulation. Unless fully appreciated, the 
premenstrual retention of fluid in these patients could be 
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mistaken for an exacerbation of the underlying disease. 
Although retention of an appreciable quantity of Na, Cl 
and H,O occurred during the initial period of testosterone 
propionate therapy, edema was neither a frequent nor 
striking complication of o sex hormone therapy. Desoxy- 
corticosterone acetate therapy has a very striking Na, Cl 
and H,O retaining effect in normal subjects as well as in 
patients with Addison’s disease. Great care must be ex- 
ercised in the use of this hormone clinically, if excessive 
retention of these electrolytes is to be avoided, NaCl re- 
striction and supplementary K medication were effective 
in moderating the Na, Cl, and H.O retaining effect of 
both gonadal and adrenal cortical hormones. Electrolyte 
balance appears to be affected significantly by the steroid 
hormones of gonads and adrenal cortex. Under certain 
conditions, these may act as precipitating factors in the 
production of edema. Careful restriction of NaCl intake 
combined with supplementary K medication provides ef- 
fective therapy in preventing or ameliorating the edema. 
Such therapy should not be used indiscriminantly.— 
Authors’ summary. 


GONADS 


ABARBANEL, A. R., AND M. J. GooprFrienb. 

The effects of stilbestrol on lactation. Am. J. Obst. & 

Gynec. 40: 103'7. 1940. 

Based upon studies of 315 parturient women, the au- 
thors made the following observations. The pregnant and 
puerperal patient is usually tolerant to large doses of stil- 
bestrol (2 patients were given 1,500 mg. during the course 
of 10 and 12 days, respectively). Oral doses of stilbestrol 
up to 1,000 mg. administered soon after parturition failed 
to inhibit the onset of lactation but decreased the normal 
flow of milk. Oral doses of 50 to 500 mg. of stilbestrol 
given over periods of 1 to 4 days failed to alter established 
lactation. Divided oral doses of 25 to 40 mg. of stilbestrol 
failed to prevent painful engorgement in but 9 of 65 non- 
nursing mothers. Divided oral doses of 50 mg. of stil: 
bestrol provided satisfactory relief of painful engorgement 
in 30 of 35 mothers whose established nursing was inter: 
rupted. The oral administration of 5 mg. of stilbestrol 
daily for the first 3 post-partum days to 25 primiparous 
nursing mothers, resulted in the practically painless onset 
of lactation in 21 of these.—E.C.H. 


ANONYMOUS. 

Pregnandiol. Brit. M. J. 4164: 561. 1940. 

Progesterone is the active principle of the corpus lu: 
teum, and a precursor of pregnandiol. During the proges: 
tational phase of the menstrual cycle 3 to 60 mg. of preg 
nandiol are excreted in the urine and excretion usually 
ceases before menstruation begins. There is apparently no 
correlation between the degree of endometrial change and 
the amount of pregnandiol excreted. If pregnancy starts 
the excretion continues and increases. During pregnancy 
there is a wide range of normal pregnandiol excretion from 
30 to 120 mg. No other physiological conditions for nor- 
mal excretion of pregnandiol are known but artificial ex 
cretion of this substance in both @ and @ can be pro 
duced by administering progesterone, showing that the 
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endometrium is not essential. It is now believed that con- 
version occurs in the liver. Pregnandiol excretion in the 
& also follows administration of desoxycorticosterone. 
Gynecologists hoped at first that quantitative estimation 
of pregnandiol during the menstrual cycle might be a test 
of corpus luteum function but investigators have failed 
to establish what normal excretion is. The range in total 
excretion is so wide that quantitative differences have no 
pathological significance. The same is true during preg- 
nancy. Absence of urinary pregnandiol is not a reliable 
diagnostic test of abnormality, nor is average excretion an 
indication that pregnancy will be normal. This article is 
an editorial comment on Cope’s paper ibid. p. 545.—J. B. 
Paton. 


Bennett, M. J., AND P. B. Russet. 

Vaginal smears correlated to ovarian function. South. 

Surgeon 10: 79. 1941. 

Observations on vaginal smears of fetuses and children 
were obtained with a moist, sterile cotton-tipped applica- 
cator and stained by Giemsa’s method without fixation. 
At the 18th week the vaginal smear of the mother showed 
evidence of luteal stimulation, that of the fetus showed 
evidence of follicular stimulation only. At the 7th month 
smears of both mother and fetus were of the follicular 
type. Daily smears from full term newborn indicated a 
gradual decrease in follicular stimulation, to complete ab- 
sence on the g4th day. Comparison of smears from mother 
and baby on 220th day after delivery gave no evidence 
that the nursing baby’s ovaries are influenced by the hor- 
mones in maternal milk. Weekly vaginal smears of a nor- 
mal 8-year-old girl showed a 24-day cyclic alteration in 
number of leucocytes and appearance of epithelial cells. 
It was concluded that: the vaginal smear method can be 
used to determine the state of ovarian metabolism; the 
ovarian metabolism of the fetus is independent of maternal 
influence; the prepubescent and mature ovarian states are 
comparable; the therapy indicated is governed by the 
vaginal smear findings and the biologic studies.—J.C.B. 


Benson, R., AND I. WEINSTOCK. 

Gonorrheal vaginitis in children, a review of the litera- 

ture. Am. J. Dis. Child. 59: 1097. 1940. 

The literature from 1936 to 1939 is covered in which 
very little has been added toward the solution of this 
problem; the outstanding difficulty still is the uncertain 
criteria of diagnosis and of a cure. Gonorrheal vaginitis 
may occur at any age in childhood but is infrequent in the 
neonatal period. Diagnosis is made on the basis of exam- 
ination of both smear and culture. Treatment is still un- 
satisfactory and consists of either local treatment or by 
administration of estrogenic substance by mouth, injec- 
tion or by vaginal suppositories; the latter seems to be the 
best method thus far. Treatment by estrogenic substances 
produces some untoward results but no injury to ovaries, 
uterus or tubes as shown by autopsy findings. Recurrences 
may be due to direct extension or by way of the lymphat- 
ics and have been observed in 106 cases out of 720 re- 
ported. Sulfanilanide has been used with success by some 
and may be used in combination with estrogenic sub- 
stances. Fever therapy has not been used to any great ex- 
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tent in children. Complications consist of urethritis, 
proctititis, general peritonitis, tubal infection, arthritis, 
opthalmic, and pelvic infection in the order of their fre- 
quency.—M.B.G. 


Copz, C. L. 

Diagnostic value of pregnandiol excretion in pregnancy 

disorders. Brit. M. J. 4164: 545. 1940. 

Pregnandiol is found in the urine only when a corpus 
luteum or placenta is functioning. It is excreted as Na preg- 
nandiol glucoronidate which can be isolated and estimated 
by the method of Venning. A chart shows the curves of 
pregnandiol excretion during normal pregnancy based on 
Cope’s determinations, the combined figures of Venning 
and Wilson and Randall (1938) and a case from Hain 
(1940). The procedure followed in estimating pregnandiol 
is given. The protocols of selected cases show the signifi- 
cance of pregnandiol estimation during pregnancy. Preg- 
nandiol is possibly a product of corpus luteum and pla- 
cental metabolism. Its complete absence in the urine is 
nearly always evidence of serious abnormality, suggesting 
in early pregnancy the imminence of abortion and in the 
late pregnancy the death of the fetus. However, normal 
excretion does not necessarily imply that abortion will not 
occur or that the fetus is alive. Chronic nephritis and tox- 
emia interfere with pregnandiol excretion.—]. B. Paton. 


Creevy, C. D., anv C. E. Rea. 

The treatment of impotence by male sex hormone. 

Endocrinology 27: 392. 1940. 

Twelve patients with impotence were treated by 
means of testosterone propionate. While these patients 
felt better psychically following the treatment, there was 
no improvement in the impotence. A similar result was 
obtained when sesame oil without testosterone propionate 
was injected into 3 patients. The benefits of androgenic 
therapy in the impotent @ without hypogonadism are 
chiefly psychic.—Authors’ summary. 


D’ Amour, F. E. 

Further studies of hormone excretion during the men- 

strual cycle. Am. J. Obst. © Gynec. 40: 958. 1940. 

As a contribution toward the accumulation and syn- 
thesis of data on normal values for hormonal excretion, the 
author presents results of daily urinary assays for gonado- 
tropins and total estrogens from 29 cycles of 5 subjects. 
Studies on progestin (pregnandiol) excretion are not re- 
ported since the author was not convinced of the reliabil- 
ity of Venning’s method for the study of normal non- 
pregnancy urine. Twenty-five of the 29 cycles were char- 
acterized by peaks of excretion of gonadotropin occurring 
between the 12th and 16th days of the cycles. The total 
amounts of gonadotropin excreted during these ‘peaks’ 
varied from 4 to 16 1.u. The 4 cycles in which no ‘peaks’ of 
excretion occurred were judged to have been anovulatory. 
A 2-wave curve of excretion appeared to be normal for 
estrogens, the waves themselves being irregular in out- 
line. At the ‘peak’ of excretion some 600 to 800 1.u. of 
estrogens are excreted daily. A comparison of the time of 
occurrence of corresponding estrogen and gonadotropin 
‘peaks’ indicated that the excretion of estrogen invariably 
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precedes that of gonadotropin. This observation leads the 
author to suggest a tentative theory as to the hormonology 
of ovulation.—E.C.H. 


Drips, Detta G., AND A. E. OsTEeRBERG. 

An evaulation of a colorimetric and a biologic method 

for determining urinary androgens. Endocrinology 27: 

345. 1940. 

Comparative assays were carried out, in which the 
Oesting colorimetric procedure and the biologic method of 
Morse, which uses the prostate gland and seminal vesicles 
as test objects, were employed. The biologic determina- 
tions were expressed in terms of androsterone and the 
biologic reaction brought about by 1 mg. of androsterone 
was equivalent to approx. 50 Oesting color units. In a 
group of normal individuals there was little daily variation 
in excretion among the oo and no distinct cyclic excre- 
tion inthe 9 9. The average daily excretion in @ o was 
9.3, with a range of 3.4 to 14.9. In 9 9 the average was 
7.4 mg., with a range of 2.5~16.1. The average color units 
of androgens excreted in 24 hr. by normal ¢' @ was 501 
and by 9 2 356. The estrogens in the 24-hour excretion 
of normal oo seldom exceeded 10 y of theelin, whereas 
in 9 @ the excretion of theelin varied from none at 
menstruation to 80 at the midcycle. A comparison of the 
values obtained in these normal subjects was made with a 
group of abnormal @ @ and 9 9. These included 7 @# 
who had hypogenitalism, @ 2 who had hirsutism, pseu- 
dohermaphroditic persons, and 9 2 who had bleeding 
dysfunctions. The values for excretion of estrogen and 
androgen among these patients is discussed from a clinical 
standpoint. Although both the colorimetric and biologic 
methods of assay are crude, they possess sufficient accu- 
racy to serve as guides in treatment.— Authors’ abstract. 


Ewce, L. A. 

Functional and growth characteristics of struma ovarii. 

Am. J. Obst. & Gynec. 40: 738. 1940. 

The following generalizations are drawn. Most ovarian 
strumas are silent unless mechanical difficulties arise. 
Small strumas may be missed in usual pathologic studies. 
Five to 6% of ovarian strumas is estimated to produce 
thyrotoxicosis. The degree of toxicity is not paralleled 
necessarily by the morphological changes. Most ovarian 
strumas store little iodine. It is estimated that 5 to 6% 
of these tumors produce metastases, half of which are fatal 
because of malignant invasion. Metastases are confined 
usually to the abdomen.—E.C.H. 


Fincu, J. W. 

The nausea and vomiting of pregnancy due to allergic 

reaction. Am. J. Obst. & Gynec. 40: 1029. 1940. 

The author submits studies upon 192 subjects to sub- 
stantiate his theory that nausea and vomiting of early 
pregnancy are due to a patient’s allergy to the secretion of 
her own corpus luteum. Ninety-eight patients with nausea 
and vomiting, when injected intradermally with 0.02 to 
0.03 cc. of progestin (natural) in oil, gave cutaneous reac- 
tions proportional to the severity of the symptomatology. 
A control series of patients who were not nauseated and 
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who were tested similarly reacted negatively. Of 51 pa- 
tients 91.2% treated with progestin in oil along the lines 
of allergic desensitization were cured of nausea and vomit- 
ing. A control series of patients treated and skin tested 
with synthetic progesterone in oil did not react or were 
not relieved of their symptoms.—E.C.H. 


Frank, R. T., M. A. GoLpBerGer AND G. FELsHIN. 


Clinical and laboratory investigations of some of the 
newer sex hormone preparations. Endocrinology 27: 381. 
1940. 

A study on 82 patients of the effect produced by syn- 
thetic sex hormones, effective by mouth, is given. Stil- 
bestrol, if tolerated (not tolerated by 12%) is as effective 
as the natural estrogens. The dosage must be small (1 mg. 
a day). Pregneninolone has the properties of progesterone 
and in proper dosage appears as effective as progesterone 
in menorrhagia and metrorrhagia, dysmenorrhea, and ha- 
bitual abortion. The effect of concentrates of pregnant 
3 serum upon the human 9, given intravenously, in 
inducing ovulation could not be confirmed.—Authors’ 
abstract. 


Freep, S. C., E. E. RosgNBAUM AND S§. SoskIN. 


Alleged hepatotoxic action of stilbestrol. J.A.M.A. 

115: 2264. 1940. 

Studies of liver function were made in patients given 
stilbestrol in doses ranging from 1 mg. to 10 mg. daily. 
Although symptoms of gastrointestinal distress were ob- 
served in some patients, there was no evidence of any 
toxic action of stilbestrol on the livers of menopausal 9 @ 
so treated. Relatively huge doses of stilbestrol in rats and 
a dog did not give rise to gross or cellular pathologic 
changes in liver and kidneys or to liver damage, as judged 
by various criteria of hepatic function.—D. J. Stephens. 


Geittnc, E. M. K. 

The comparative anatomy and pharmacology of the 

pituitary gland of unusual “experimental” animals. Am. 

J. Obst. €& Gynec. 40: 727. 1940. 

The author summarizes the physiology of the hypoph- 
yses of cetaceans, the armadillo, the chicken and the 
South American manatee. The complete separation of the 
anterior and neural lobes in these species render the like- 
lihood of diffusion of active principles from one lobe to the 
other highly improbable. In view of this fact and the fact 
that the blood supply of these two lobes is practically in- 
dependent, he concludes that the presence of oxytocic, 
pressor and antidiuretic hormones in the neural lobes of 
these species constitutes indisputable evidence of their 
secretion there. Despite striking pharmacodynamic activ- 
ity of these posterior lobe extracts, no specific function in 
physiology can be assigned them with certainty. Experi- 
mental and clinical studies in diabetes insipidus suggest 
that the pressor hormone may be concerned in the main- 
tenance of water balance. No satisfactory answer can be 
given to the query as to whether the posterior lobe is con- 
cerned with the physiology of parturition or with the 
pathogenesis of pre-eclampsia and eclampsia.—E.C.H. 
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Geist, S. H., anv U. J. Satmon. 

Are estrogens carcinogenic in the human female. The 

effect of long-continued estrogen administration upon 

the uterine and vaginal mucosa of the human female. 

Am. J. Obst. & Gynec. 41: 29. 1941. 

The observations were based upon a group of 206 @ 9, 
whose ages ranged from 25 to 80 years (majority being 
over 40 years), and who were treated with estradiol or its 
esters given by all the common routes of administration. 
Individual doses of the estrogens ranged from 10,000 to 
150,000 I.u. and total doses varied from 500,000 to 23,- 
400,000 1.u. Duration of therapy varied from 6 months to 
5% years. In no instance did the vaginal or endometrial 
responses, judged by repeated biopsies of these patients 
show any abnormal epithelial proliferation suggestive of 
neoplasia.—E.C.H. 


Graurr, R. C., C. F. BEALL AND G. R. Wison. 


Endometrial response to diethylstilbestrol in radium- 

induced menopause. Am. J. Path. 17: 87. 1941. 

The effect of diethylstilbestrol on the endometrium of 
patients with radium-induced castration was studied. In 
10 patients between 42 and 50 years of age who had re- 
ceived between 1,200 and 1,800 mg. hours of radium, diag- 
nostic curettements were made before radium therapy and 
after menstruation had ceased. The patients were then 
given 3 mg. stilbestrol by mouth daily for 2 weeks, after 
which period endometrial biopsies and vaginal smears 
were taken. The endometrial and vaginal response to stil- 
bestrol in radium treated cases was delayed and larger 
doses were required to produce similar effects as in cases 
of physiological menopause.—E.v.H. 


HamB en, E. C., J. W. ARENA AND W. K. Cuy er. 


Hand-Schuller-Christian disease. Report of a case in 
which urinary androgens were titrated. Am. J. Dis. 
Child. 60: 352. 1940. 

The excretion of urinary androgens in a 29-month-old 
boy with Hand-Schuller-Christian disease was found to 
be 40 1.U. or 10 times the normal gonadotropic hormone 
present in normal quantity (2.5 r.u. for 24 hours) and no 
sodium pregnandiol glucoronidate (a metabolic excretion 
product of progesterone) was excreted. It seems likely 
that the involvement of the endocrine system in this dis- 
ease is secondary to a general disturbance in lipoid me- 
tabolism. The authors consider that this is related to the 
general disturbance of lipoid metabolism rather than to an 
excessive activity of the gonads or of the adrenal cortex. 
—M.B.G. 


Heaver, W. L. 

Psychiatric contraindications in the use of estrogens 

during the menopause. Am. J. Obst. © Gynec. 40: 

980. 1940. 

The author discusses psychic states of the climacteric 
and calls attention to the various psychoses which may 
arise at this time. He is of the opinion that, unless climac- 
teric women have their “psychic turmoil” correlated with 
the occurrence of neurocirculatory symptoms, estrogenic 
therapy “not only fails to help the patient but usually in- 
creases the emotional chaos the physician is trying to 
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combat.” He does not believe that involutional melan- 
cholia is due fundamentally to endocrine insufficiency. The 
results of treating a group of 26 women with psychotic 
states (7 involutional melancholia; 1 involutional psycho- 
sis; 2 schizophrenia; 1 Korsakoff’s syndrome; 15 other 
psychoses) with large doses of stilbestrol are reported. 
Vaginal cytologic alterations and the induction of ‘with- 
drawal bleeding’ in 60% of the patients with amenorrhea 
were considered proof of adequate therapy. The psychi- 
atric course of these patients indicated that 67% failed to 
improve and 4% became much worse. The author con- 
cludes that the employment of hormonal therapy solely to 
‘cure’ the mental aberrations of the involutional period 
appears entirely unjustified —E.C.H. 


Hecxte, N. J., AND C. R. STEINMETz. 

The effect of testosterone propionate upon the seminal 

fluid in man. J. Urol. 45: 118. 1941. 

Specimens of seminal fluid from 12 men aged 28 to 70 
were measured volumetrically. From 3 to 14 specimens 
were obtained from each individual before and after injec- 
tions of 10 to 50 mg. of testosterone given 3 to 6 times 
weekly. There was no consistent effect.—J.C.D. 


Kepter, E. J., D. R. NicHots ANnp J. H. Mitts. 

The diagnostic value of regression of secondary sexual 

characteristics in cases of hemochromatosis. Ann. Int. 

Med. 14: 810. 1940. 

The association of hemochromatosis with regression of 
sexual characteristics has been known for some time. Re- 
gression of sexual characteristics may occur early in the 
course of the disease and have diagnostic value before 
bronzing of the skin, diabetes, and enlargement of the liver 
become diagnostically manifest. Two illustrative cases are 
reported.—E. J. Kepler. 


Kroun, L., Anp J. H. Harris. 

Oral pregneninolone in the treatment of spontaneous 

abortion. Am. J. Obst. & Gynec. 41: 95. 1941. 

The authors treated 39 women with threatened abor- 
tions and 11 women who had had recurrent abortions with 
previous pregnancies with orally administered anhydro- 
hydroxy-progesterone. Patients with histories of recur- 
rent abortions were given, as a rule, 10 mg. of this sub- 
stance twice weekly until ‘quickening’ occurred. Patients 
with threatened abortions were given 10 mg. twice daily 
until symptoms subsided. Adjuvant therapy included bed 
rest and barbiturates. Seven of 39 patients with threat- 
ened abortions, actually aborted; 1 of the 11 patients with 
histories of recurrent abortion, aborted. The authors con- 
cluded that anhydro-hydroxy-progesterone was of dis- 
tinct value in the treatment of these conditions, comparing 
favorably, in their opinion, with progesterone, given in- 
tramuscularly.—E.C.H. 


Lisser, H. 
Feminization and demasculinization of a 17-year-old girl 
by injections of stilbestrol. Endocrinology 27: 385. 1940. 
Injections of stilbestrol were administered to a girl aged 
16 yr. and 8 mo. who had never menstruated, who com- 
pletely lacked breast development, who had an enlarged 
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clitoris, and a masculine hypertrichosis. Visualization of 
the adrenals by insufflation of air into the perirenal fascia 
failed to reveal any gross tumor or conspicuous enlarge- 
ment of the adrenal glands. Following stilbestrol injec- 
tions normal breast growth ensued promptly, her first 
menstrual period occured § mo. after beginning treatment, 
the clitoris atrophied, and the abnormal hair paled and 
partially disappeared. Thus she was feminized and demas- 
culinized.—H. Lisser. 


McCuttaai, E. P., anv T. R. Jones. 

Stilbestrol in the treatment of ovarian deficiency. 

Cleveland Clin. Quart. 8: 32. 1941. 

Stilbestrol was administered orally (intramuscularly in 
2 cases) in doses of 0.25 mg. several times daily for periods 
of one to 13 months. Of 40 patients 24 were treated for 
menopausal syndrome, 15 for partial ovarian deficiency, 
and 1 for senile vulvovaginitis. All who could tolerate the 
substance experienced relief from hot flashes, disturbed 
menstrual flow, headaches, irritability, etc., in 3 to 14 
days. Changes in vaginal smears occurrred later than 
symptomatic changes. Use of the drug had to be discon- 
tinued in 5 cases because of unpleasant symptoms, while 
mild untoward symptoms occurred in 6 others. The use of 
small doses of stilbestrol at the beginning of treatment is 
recommended.—E. Cutuly. 


NatuHAnson, I. T., CHARLotTE Rice AND J. V. Meics. 
Hormonal studies in artificial menopause produced by 
roentgen rays. Am. J. Obst. & Gynec. 40: 936. 1940. 
Ten women who had received castrational irradiation 

of the ovaries as a part of the treatment of mammary car- 
cinoma were investigated prior to and subsequent to this 
therapy in regard to the urinary excretion of follicle stim- 
ulating gonadotropins (original method of Aschheim and 
Zondek) and of total estrogens (technic of Smith and 
Smith). It was observed that, following ovarian irradia- 
tion, there occurred a gradual diminution in the urinary 
titers of estrogens until a fairly constant level considerably 
lower than normal was reached. As estrogenic levels de- 
creased and became exceedingly low, FSH appeared at 
levels of 80 M.u. per 24 hours or higher. Climacteric 
symptoms were observed to begin within 1 to 7 weeks 
after the appearance of FSH in the urine; the occurrence 
of these symptoms appeared correlated with increased 
gonadotropic titers rather than with low estrogenic levels 
alone. These authors conclude that elevated gonadotropic 
levels may occur without symptomatology, although in 
the presnce of climacteric symptoms these titers are found 
almost always to be elevated.—E.C.H. 


Paar, J. P. 

Pseudohermaphrodism. Am. J. Obst. © Gynec. 40: 

870. 1940. 

The author reports the observations of a group upon 3 
pseudohermaphrodites, whose common characteristic was 
the presence of male gonads. The results of psychic and 
psychologic studies on one of these patients prior to and 
after plastic surgical procedures are detailed. These in- 
cluded investigations of I.Q. and scores on the Thurstone 
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Personality Schedule, the Northwestern Introversion- 
Extroversion Sca'e and the Terman Masculinity-Feminin- 
ity Test. Improvements in the scores on these tests fol- 
lowed plastic surgery with transplantation of the male 
gonads into the retroperitoneal tissue. The author con- 
cludes that since the social status of pseudohermaphro- 
dites is a matter of prime importance, the judgment of a 
psychiatrist should be given considerable weight in any 
considerations of projected surgery. Likewise the sexual 
preference of the patient should be taken into considera- 
tion in the ultimate decision as to the nature of plastic 
surgical procedures. Pratt quotes pertinent comments by 
Heldt (one of the group) at the conclusion of his paper. 
A few are summarized: “These pitiful individuals are 
more non-descript in their own feelings than they are on 
physical inspection . . . . They are often shunned, socially 
ostracized, and avoided, if not maligned, by layman, sur- 
geon and physician alike . . . . Psychiatrically, it is judged 
that more than 60% of (Case I’s) transformation is due to 
the patient's alteration in mental attitude and personality 
organization upon a background of objective alteration 
granted her by surgery .. . . Rich though this field be in 
satisfaction for the plastic surgeon, it is greater still in its 
humane implications.” —E.C.H. 


Reynotps, S$. R. M., S. KAMINESTER AND S. ScHLOss. 
Menstruation-like bleeding with constant estrogen dos- 
age in an ovariectomized woman. Proc. Soc. Exper. 
Biol. & Med. 45: 749. 1940. 

In an ovariectomized ¢ with normal, intact uterus, 3 
periods of menstruation-like bleeding occurred, on con- 
stant dosage of estrogen, in 5 months’ time. The estrogen 
dosage was 2 mg. estradiol-dipropionate given at 2-week 
intervals and 0.2 mg. per os daily. The intervals of bleed- 
ing, after the first induced period, were 18, 28 and 68 
days. These data agree with those of Corner and of Zuck- 
erman in ovariectomized monkeys.— Authors’ abstract. 


Satmon, U. J., anp S. H. Geisr. 

Biological properties of pregneninolone (17-ethinyl 

testosterone) in women. Proc. Soc. Exper. Biol. & 

Med. 45: 522. 1940. 

The biological properties of pregneninolone were stud- 
ied in 9 9 with regular menstrual cycles (16 cases), as 
well as in post-menopausal and ovariectomized ? 92 (20 
cases). Vaginal smears and endometrial and vaginal biop- 
sies were performed before, during and after the period of 
hormone administration. The dosage used varied from 30 
to 60 mg. per day for periods varying from 35 to 600 days. 
Total doses administered to individual patients varied 
from 760 to 10,480 mg. The study revealed that pregnen- 
nolone, although very closely resembling testosterone in 
chemical structure, appears to possess no androgenic po- 
tency in the dosage used in 9 9, producing no arrheno- 
mimetic effects and no suppression of menstruation. Un- 
like its action in rats, pregneninolone has no estromimetic 
action on the endometrium and only a slight effect on the 
vaginal mucosa of estrogen deficient 9 9. Its only strik- 
ing property in human beings appears to be a progesto- 
mimetic one.—U. J. Salmon. 
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SuuTE, E. 

The effects of estrogens on true pre-eclampsia and 

eclampsia. Am. J. Obst. © Gynec. 40: 1003. 1940. 

The protocols of 7 pre-eclamptic and 2 convulsive 
eclamptic patients treated with estrogens are presented. 
These patients were not restricted as regards activity or 
diet, except for the limitation of sodium chloride intake of 
several. The author concludes from the responses of these 
9 patients that the clinical effects of estrogens develop 
slowly but are characterized by favorable influences on 
convulsions, stupor, blood pressure, urinary volume and 


albumin.—E.C.H. 


Srecer, S. L. 

Further experiences with the hormone of pregnant 

mare serum. Endocrinology 27: 387. 1940. 

The hormone of PMS (gonadogen) was administered 
intramuscularly and intravenously, cyclicly and continu- 
jusly, to 79 cases with various degrees of response. Com- 
plete biphasic ovarian response occurred if the endome- 
trium revealed a secretory phase; if the vaginal cytology 
was premenstrual in character; if titration of the urine re- 
vealed the presence of Na pregnandiol glucuronidate; if 
persistent bleeding followed cessation of treatment. This 
series included: 7 cases of primary amenorrhea, 2 of which 
gave positive results; 12 cases of secondary amenorrhea, 4 
of which were positive; 19 cases of oligomenorrhea, 15 of 
which reacted favorably; 8 cases of anovulatory cyclic 
bleeding, 5 of which reacted favorably; 5 cases of hyper- 
menorrhea, 4 of which gave positive response; and 28 cases 
of sterility, 11 of which resulted in pregnancy, 3 of these 
aborted, 5 delivered normally, and 3 have not as yet gone 
to term. This hormone of pregnant mares’ serum is 
efficacious only in those cases in which pituitary insufficien- 
cy is diagnosed, and in which the ovaries are receptive to 
this form of stimulation.—S. L. Siegler. 


Situ, J. T., AnD N. T. WERTHESSEN. 
Chorioepithelioma associated with tubal pregnancy and 
pulmonary metastases. High gonadotropin and low 
pregnandiol values. Am. J. Obst. © Gynec. 41: 153. 
1941. 

The patient, 37 years of age, para 4-2-2, was diagnosed 
as having a chorioepithelioma with urethral and pulmo- 
nary metastases following a tubal pregnancy (left tube and 
ovary removed at operation) 10 months previously. Au- 
topsy findings included: chorioepithelioma of uterus, with 
metastases in vagina, lungs, right kidney and small intes- 
tines. The remaining ovary contained no corpus luteum. 
Hormonal studies were not described but were sum- 
marized: chorionic gonadotropin 1,000 R.U. plus, per 100 
cc. of serum; estrone 1,000 y per 24 hr.; estriol 100 y per 
24 hr.; and pregnandiol 3.6 mg. per 24 hr.—E.C.H. 


Wertzner, G. 
The treatment of gonorrheal salpingitis with estro- 
genic hormones. Am. J. Obst. €& Gynec. 41: 92. 1941. 
The therapeutic use of estrogens in the treatment of 
gonortheal salpingitis was postulated upon the following 
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established clinical facts. The primary attack of salpingi- 
tis usually occurs at the time of menstruation; critical 
falls in estrogenic levels occur at this time; estrogens have 
been shown to increase the resistance of epithelial tissues 
to infections. Patients with chronic salpingitis were given 
intramuscularly 30,000 I.u. estrogens divided into 3 doses 
at the onset of menstruation; patients with acute salpingi- 
tis were given daily intramuscular injections of 10,000 
I.U. estrogens. Each of 74 patients with chronic salpingitis 
was treated during 6 to 10 periods. Patients (91) with 
acute salpingitis were treated. The clinical courses of the 
estrogen treated patients as compared with those of 20 
control patients with chronic salpingitis and 48 control 
patients with acute salpingitis indicated the therapy to 
have been effective in preventing recurrences in the pa- 
tients with chronic salpingitis and in curtailing the dura- 
tion of acute symptoms in the majority of patients with 
acute salpingitis. E.C.H. 
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Hetrter, A. J. 

A new conception of parathyroid function and its clini- 

cal application. A preliminary report on the results of 

treatment of generalized fibrocystic and allied bone dis- 
eases and of rheumatoid arthritis by aluminum acetate. 

Brit. J. Surg. 27: 651. 1940. 

A theory is advanced based upon the premises that: 
(1) parathormone controls the blood inorganic P level; (2) 
it prevents this level from rising to a degree which would 
upset any metabolic process in which the phosphates are 
concerned; (3) conversely, an accumulation of phosphate 
in the blood is a stimulus to increased secretion of para- 
thormone; (4) parathormone effects its control by stimu- 
lating phosphate excretion by the kidneys and by mobiliz- 
ing Ca ions from the storehouse in the bones. Following 
this mobilization calcium phosphate is formed. This is in- 
active and can be kept in solution in the blood by para- 
thormone in greater quantities than would normally be 
the case, and is in a form in which it can be excreted; (5) 
vice versa, if the parathyroid glands are removed, the body 
will be unable to deal adequately with the blood-phos- 
phate. Excretion of phosphate will be diminished. Calcium 
ions cannot be mobilized to combine with the phosphate 
and so rendered inactive and excretable. Indirect evidence 
in support of the theory has been obtained by showing 
that parathormone mobilized the Ca carbonate rather than 
the Ca phosphate fraction of the bone salts. Further pre- 
sumptive evidence is cited to show that parathormone 
changes pu of blood without altering the CO.-combining 
power, a circumstance possible only if the changes con- 
cerned the carbonate radicle. In treatment of generalized 
fibrocystic disease and rheumatoid arthritis the absorption 
of P is reduced, the stimulus to over-production of para- 
thormone is removed. For this purpose daily amounts of 
aluminum acetate with a POycombining power equivalent 
to 150-220 mg. Ca were used. Overdosage can produce 
rickets. Encouraging results were obtained in 12 cases 
rheumatoid arthritis and in 3 of spondylitis ankylopoietica. 
Eight cases of Paget's disease were improved in color and 
weight.—H.O.H. 
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Levine, D. B., AND H. MicHetson. 

Acute thrombopenic purpura treated successfully 

with solution of parathyroid. J.A.M.A. 115: 360. 1940. 

Based on 4 cases treated successfully, as reported in the 
literature, a young @ patient was given a total of 400 u 
of parathyroid in 4 days, following failure of splenectomy 
to alleviate the condition. Dramatic recovery was re- 
ported. The serum Ca did not rise above normal levels, in 
spite of the report that cases treated elsewhere showed a 
marked hypercalcemial The nature of action of para- 
thyroid hormone in thrombopenic purpura remains to be 
determined.—H.O.H. 


Ricuter, C. P., W. H. HoneyMAN AND H. Hunter. 
Behavior and mood cycles and parathyroid deficiency. 
J. Neurol. & Psychiat. 3: 19. 1940. 

Three parathyroidectomized monkeys kept on a low Ca 
diet drank large amounts of a 2.4% Ca lactate solution, 
thereby alleviating their symptoms of insufficiency. Their 
intake of Ca lactate solution showed fairly regular cycles, 
averaging 40 days in length. A woman §6 years of age 
suffering from a parathyroid deficiency showed quite 
regular cyclical variation in mood and behavior with a 
duration of approximately 40 days. For the first half of 
each cycle she was depressed and slow, and for the second 
half she was fairly normal. After Ca therapy these cycles 
disappeared.—Abstract, J. Nerv. & Ment. Dis. 


Snapper, I. 

Different features of the syndrome of hyperpara- 

thyroidism. Acta med. Scandinav. 103: 321. 1940. 

Three cases of hyperparathyroidism were successfully 
treated by operative removal of the tumor. In the 1st case 
the skeletal and biochemical syndromes were typical and 
complete. In the 2nd case the skeleton was extensively 
decalcified with marked deformities and fractures. Like- 
wise all the biochemical abnormalities were present except 
that the urinary excretion of Ca was very low, probably 
on account of the existence of a superimposed vitamin D 
deficiency. In the 3rd case the presenting symptoms were 
vomiting and renal disorder, while the skeletal decalcifica- 
tion was insignificant. The presence of an osteoclastoma 
pointed to the diagnosis of hyperparathyroidism, subse- 
quently confirmed by the presence of the biochemical 
syndrome and by marked improvement (including renal 
function) after extirpation of the parathyroid adenoma.— 
J. F. Wilkinson. 


THYROIDS 
Barker, W. H., AnD W. B. Woon, Jr. 

Severe febrile iodism during the treatment of hyper- 

thyroidism. J.A.M.A. 114: 1029. 1940. 

In 400 cases of hyperthyroidism treated with I, severe 
febrile reactions occurred in 7 which could not be ascribed 
to any other cause than the I administered as treatment. 
Cutaneous eruptions, coryza, pharyngitis, enlarged lymph 
nodes and an eosinophilia also occurred. In 1 fatal case, 
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there were miliary inflammatory perivascular lesions in 
many tissues. Subsequent administration of I may or may 
not cause a reaction.—E. A. Baumgartner. 


BenpA, C. E. 

Growth disorders of skull in mongolism. Am. J. Path. 

16: 71. 1940. 

This author adds mongolism to cretinism and chondro- 
dysplasia known to be associated with a marked shorten- 
ing of the length of the base of the skull. His studies have 
been associated with a failure of the development of the 
skull in length. In chondrodysplasia growth of the base 
of the skull is arrested because of lack of development of 
the cartilage, which is absorbed early and is replaced by 
ossified tissue. In cretinism growth of the bones of the 
skull is delayed because of lack of transformation of car- 
tilage into bone. The cartilaginous spaces in cretinism are 
open much longer than normally. In mongolism the situa- 
tion is much more complicated. Eight cases of mongolism 
were studied in detail. These comprised the synchondro- 
sis spheno-occipitalis from 6 cases, the synchondrosis 
spheno-ethmoidalis from 2 cases and vertebrae from 6 
cases. There is a strong indication that the growth dis- 
order in mongolism is due to the absence of agents which 
induce differentiation and growth. It is generally assumed 
that these factors are related in some way to the pituitary 
gland. Lauche expressed the opinion that the growth dis- 
order in mongolism is the reverse of acromegaly. Studies 
of the pituitary gland led Benda to the conclusion that 
an insufficiency of the anterior lobe is responsible for the 
postnatal growth disorder in mongolism. Microscopic 
study demonstrates that proliferation of the epiphysial 
cartilage is absent or insufficient. The growth disorder in 
mongolism is not restricted to the cartilaginous epiphysial 
lines but involves also the membranous bones. An 
analysis of the observations suggests that the develop- 
ment of the growth disorder known as ‘mongoloid de- 
ficiency appears to be dependent on a congenital absence 
or deficiency of those agents which, either from hypo- 
physial or from extrahypophysial sources, stimulate dif- 
ferentiation and growth.—Abstract, J. Nerv. © Ment. 
Dis. 


Boyce, F. F. 

Thyroid disease in the southern negro. A comparative 

analysis of 470 white and 482 negro cases from the 

Charity Hospital of Louisiana at New Orleans. Surg., 

Gynec. & Obst. 70: 761. 1940. 

In a 121% year period ending July 1938, 952 patients 
with thyroid disease were treated, 470 white and 482 
negro. In this analysis it was shown that the negro mor- 
tality rate was almost twice that of the white, the dis- 
parity being especially marked in both varieties of toxic 
disease. The evidence of a decrease in liver function in 
negroes supports the hypothesis that the disease is in- 
herently more serious in this race. In the negro toxic thy- 
roid disease appears to rise on a basis of a previous simple 
goiter, whereas in the white patient it appeared to arise 
as de novo pathology.—L. B. Shpiner. 
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